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1. INTRODUCTION 
The Red-billed Gull Larus novaehollandiae scopulinus 
is endemic to New Zealand and is one of the commonest gulls 
on the coast. There have been no detailed studies of this 
gull other than some work on food (Gurr, 1947), breeding 
distribution (Gurr & Kinsky, 1965; Mills, 1969), and general 
accounts in Stead (1932) and Oliver (1955). There is, 
however, knowledge of the seasonal dispersal (Carrick, 
Wheeler & Murray~ 1957)~ population regulation (Carrick & 
Murray, 1964), general breeding biology (Wheeler & Watson, 
1963), and seasonal mortality (v o Tets, 1968) of the closely 
related Silver Gull L. n. novaehollandiae in south-eastern 
Australia. 
The present study has been confined to the population 
o:f gulls hatched or breeding at the Kaikoura Peninsula. 
This population is particularly suitable for research since 
annual banding of nestlings :from 1958-59 has resulted in 
birds o:f known age forming a large proportion of' the popula-
tion. This banded population has provided not only the 
opportunity to study the influence of age on the breeding 
biology, but also the chance to follow the progress of indi-
vidual known-aged birds. This has allowed aspects such as 
mortality and pair bond retention or change of mate and their 
effects on the breeding biology to be studied. 
The major contributions to knowledge of the influence of 
age on the breeding biology and population dynamics of sea 
birds have been made by Austin (1945) on the Common Tern 
Sterna ~~, Richdale (1949, 1957) on the Yellow-eyed 
Penguin Megadyptes antipodes, Coulson & White (1958, 1960) 
and Coulson (1966) on the Kittiwake Gull Rissa tridactyla, 
and Potts (1969) on the Shag Phalacrocorax aristotelis. 
It is hoped that the present study will make a further contri-
bution to this subject. 
20 
Studies at the Kaikoura colonies began in 1964 as 
partial fulfilment for an MoSc. degree. Quantitative data 
on clutch size and breeding success with special reference 
to the effect of age have already been described (Mills, 
1967), from information collected in the 1964 65 and 1965-66 
breeding seasons. The present study describes the results 
obtained to October 1969 and incorporates some of the data 
collected in the first two seasons o 
The initial part of this thesis is devoted to a general 
description of the breeding cycleo Later sections examine 
the factors affecting the breeding biology with special 
reference to the clutch size and chick survival, the popula 
tion loss from emigration and mortality and the recruitment 
to the population from immigration o 
WHARf 
AVOCA 
LAGOON 
~JL--FRANK'S 
.,-
RHINOHORN 
SUGARLOAF 
STACK 
,--_~~:--..:.1{~2~:-::-__ ....,.........1 mi. 
560 1000 1500 m. 
FIGURE 1~ Map of Kaikoura Peninsula with the location 
of the Red-billed Gull colonies c 
2: STUDY AREA AND HISTORY OF THE KAIKOURA POPULATION 
The breeding colonies at Kaikoura are located on headlands 
of the north-eastern and south-eastern coasts of the penin-
sula (Figure 1). With the exceptions of the Lagoon Colony 
and a portion of the Sugarloaf Colony, all colonies are 
isolated from the mainland at low tides. 
The Kaikoura colonies are the largest in the South 
Is land and the third larges t in New Zealand ... They are 
undoubtedly ancient gulleries. The first reference to them 
is in a Maori legend which tells how an early explorer, 
Rakaihouia, was forced to stop at Kaikoura to feast on gulls' 
eggs because his provisions were low (Sherrard, 1966), 
Al though no accurate counts are 8.vailable prior to 
1964-65, visits since 1950 have indicated a steady increase 
in numbers. In 1953-54 breeding was confined to two head-
lands (B.D. Bell, pers q comm.)~ By 1964-65 breeding 
occurred on six colonies, the largest being the two original 
nesting sites (Lighthouse and Rhinohorns colonies). Between 
1964-65 and 1968-69 a further three colonies were established. 
Details of counts made since 1964 are g~ven in Table 1. 
The population increase apparently began after 1932. 
Before then, the Red-billed Gull was rarely seen except on 
Banks Peninsula (Stead, 1932), but since then the number of 
Red-billed Gulls has increased and large populations are now 
found on the Canterbury coast and inland at Christchurch and 
Kaiapoi. The evident population increase in the Canterb~ry 
district is representative of the increase that has taken 
place throughout New Zealand. A similar trend of population 
increase has occurred in many sea bird species in the last 
twenty years. 
TABLE 1. 
Colony 
Lighthouse 
Rhinohorns 
Iceplant 
Sugarloaf 
Stacks 
Split Stack 
New Wharf 
Avoca 
Frank's 
Lagoon 
Number of pairs of Red-billed Gulls 
breeding at Kaikoura Colonies 
1964-65 1965~66 1968-69 
(22 Dec.) (28 Nov 0 ) (5 Dec,,) 
1565 1642 1882 
1309 1317 1770 
504 900 922 
552 413 109 
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FIGURE 2D The relation between depth at gonys and bill 
length in 88 male and 77 female Red-billed 
Gulls from the Kaikoura populationo The 
line which separates males and females is 
derived from the discriminant function analysis; 
[Depth at Gonys + (0026102 x Length of Bill~ 0 
The point of discrimination is 22 0 875, males 
above, females below this valuec 
3. METHODS OF STUDY 
The gulls have been studied at the Kaikoura colonies for 
part of 1964-65 and for three complete seasons, 1965-66, 
1967-68 and 1968-690 Post-breeding dispersal was studied 
only in 1965, 1968 and 1969. Study areas were selected to 
include diverse nesting habitats o On each of three main 
colonies a study area was pegged out which extended across 
the width of the colony so that it included peripheral and 
central nests. Other areas included groups of nests on high 
ground, on low ground and nests in newly established colonies o 
Each study area was normally visited daily throughout the 
breeding season. 
3.1 Sex determination 
Adults were sexed by a combination of bill measurements, 
depth at gonys and bill lengtho Depth at gonys was measured 
vertically from the point of inflection on the mandible to 
the upper edge o£ the premaxilla. Bill length was measured 
in a straight line from the tip to the outer edge of the gapeo 
The measurements from 165 dissected gulls are shown in 
Figure 2 To separate the sexes, a discriminant function 
analysis was calculated from the bill length and depth at 
gonys measurements. This gave the function, ~Length of 
Bill x 0.26012) + Depth at Gonys], with male values above and 
female below the point of discrimination at 22.875. With a 
99% confidence interval the probability of error is less than 
In practice, however, the probability of error is much 
less because in most cases both partners are captured. Any 
gull which falls within the .. range of overlap may normally be 
correctly sexed when the mate is captured. 
3.2 Banding operations 
Annual banding of nestlings began at Kaikoura in the 
1958-59 breeding season. Since then an estimated 40-60% 
6. 
of the chicks hatching each year have been banded (Table 2)0 
TABLE 2. 
Season 
1958-59 
1959-60 
1960-61 
1961-62 
1962-63 
1963-64 
1964-65 
1965-66 
1966-67 
1967~q8 
1968-69 
Number of nestling Red-billed 
Gulls banded at Kaikoura 
Progress 
No. banded total 
876 876 
2,229 3,105 
2,011 5, 116 
2,03 1 7, 147 
1,991 9,13 8 
2,062 11 9200 
2,684 139 884 
3,403 17,287 
1,529 18,816 
1 ,240 20 9 056 
3,242 23,298 
Irregular and less intense banding of chicks has been carried 
out in 35 localities throughout New Zealand and outlying 
islands (Appendix 1)0 
To identify individuals, colour banding was introduced 
in the 1967-68 seasono All gulls captured breeding were 
sexed and given a single colour band, green or blue for males 
and white or yellow for females 0 If these ",lere recaptured 
in the following season (1968-69) each was colour banded to 
TABLE ). 
Band type 
Band construction 
Band height (mm) 
Band diameter (mm) 
Band thickness (mm) 
No. banded: 
1958-1959 
1959-1960 
1960-1961 
1961-1962 
1962-196) 
196)-1904 
190[~- 1905 
1905-1900 
190o-19n7 
1967-1908 
1968-:9b9 
Band characteristics and number 
of nestlings banded at Kaikoura 
"A" "B" "C" "D" "E" 
butt butt butt butt 
.to to to to 
butt butt butt clip butt 
1 .04 0.68 0.98 0.95 0.98 
1 .00 0.81 0.97 0.96 0.97 
O. 1 1 0.10 0010 1 .00 O. 1 1 
876 
b09 20b 414 1,000 
2,011 
)1 2,000 
: ,991 
1 ,637 425 
2,684 
),40) 
1 ,529 
264 
Total 1 ,485 206 4,07) 5,01 1 8,)05 
Chemical composition of the bands: 
Band type A. 
Hand type B. 
Band type C. 
Band type D. 
Band type E. 
Hand type If·, 
[ 
[ 
"I-lard Aluminium"; composition unknown. 
"Pure Aluminium"; Copper 0.02'}b; 
Magnesium 0.02%; Manganese 0.01%; 
Silicon 0.05~; Iron 0.)5%. 
"Hard Aluminium"; Copper 0.02-0.0!~'lb; 
Magnesium 1.nO-2.40~; Manganese 0.27-0.3 
b i 1 i c on ().I 0 - 0 .1 8 /0 ; Lc () nO. 2;2 ~ 0 . '3 
!lII-Jonel"; Copper 27-J2'ju; .i\ickeloo-70/0; 
Iron 0.8-Lo}b; HangallGSG 0.7-,'1.7;6, 
ifF" 
butt 
to 
butt 
0.99 
0.90 
0.10 
976 
),242 
1+,218 
7. 
a known code .. 
303 Durability of ,bands and band loss 
The unreliability of calculations based on band recover-
ies is well known (Hickey, 1952; Poulding, 1954; Coulson 
and White, 1955, 1959; Olsson, 1958; Harris, 1964a; 
Paynter, 1966; Rowley, 1966; Fordham, 1967; Ludwig, 1967; 
and Kadlec & Drury, 1968). 
Band losses cause underestimates in computed population 
parameters because the number of potential recoveries is 
r.educed. If banding data are to be used to investigate 
population dynamics with accuracy, it is necessary to know 
t'he life expectancy of the band.. When the pattern of band 
loss has been determined it is possible to correct the raw 
data for it. 
Another source of error results if the band inscription 
becomes indecipherable.. Such bands are returned only if the 
finder has prior knowledge of where to send ito If they are 
returned it is often possible to read the number after treat-
ment with graphite or acid. 
It therefore became necessary to examine the durability 
of bands and band loss in the expectation of calculating 
correction factors or alternatively to recognise When a bias 
could influence the data .. 
Two different types of band, lock and butt to butt bands, 
have been used on Red-9illed Gulls.. Details of metal compo-
Sition, dimensions and' the number and years when each band 
type was used are given in Table 3. 
Examination of the bands removed from gulls indicates 
that the greatest wear occurred on the internal surface. 
Since corrosion in s~lt water would affect both surfaces 
equally it is concluded that extra wear resulted from the 
TABLE 11. Loss or bands from Red-billed Gulls 
Ilallo Type A 
Number of years the band has been worn 
0-1 1-2 2-) )-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 
No. eu11s con-
sidered ) 8 9 10 1) 18 
1'>0. 01' gulls that 
lost a band 0 0 ) 10 0 
Pel' (::ent lost 0 12.5 0 10.0 2).0 55.6 0 
Cumulative per 
t:ent lost 0 12.5 12.5 21.2 )9.6 7).1 7).1 
Band Type B 
Number of years the band has been WOI'n 
0-1 1-2 2-J J-4 11-5 5-6 6-7 7-8 8-9 9- 10 10-11 
No. eulls con-
sidered ) J ) 8 )7 8J 16 7 16 11 
No. oi' gulls thut 
lost it band () 0 () 0 ) 2 4 2 
Per cent lost 0 0 0 0 2.7 ).6 12.5 14.) 25.0 50.0 
Cumulative per 
cent lost 2.7 6.2 17.9 29.6 57.2 78.6 
Band Type D 
Number or years the band has been worn 
0-1 1-2 2-) )-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 
1'>0. eulls con-
s idt.~ ('ed 5 19 27 80 119 74 14 6 
Nu. ul' gulls that 
lust a band 0 0 0 2 1 0 
Pel' cent lost 0 0 0 1.) 1.7 1.4 0 16.7 
Cumulative pel' 
cent lost 0 0 0 1.) ).0 4.4 4.4 20.4 
Band Type t: 
~umber or years the band has been worn 
0-1 1-2 2-) )_11 4-5 5-6 6-7 7-8 8-9 9-10 10-11 
No. euils con-
s LUt'('{"'d '127 it! H7 76 52 5 
~u. ul' gull" that 
lost 
" 
band 0 0 0 0 0 0 0 
Pl' (' cunt lost () 0 0 0 0 0 0 
CumuJative pe.-
C ('rJ t lust 0 0 0 0 0 0 0 
8" 
abrasion of the band against the leg. Any particles adher-
ing to the surface of the leg would presumably assist the 
process. 
The wear of lock bands was different from butt to butt 
bands. Wear on lock bands produces a characteristic notch-
ing at the base of, and also opposite to, the lock at the top 
of the band. Continual wear at these points is caused by 
the uneven weight distribution of the band which keeps the 
band tilted on the lege The butt to butt bands, being evenly 
balanced, have the internal surface of the band worn uniformly. 
When the butt to butt bands are thin the ends open and the 
band falls off. Thin lock bands, however, are not lost from 
the bird until the notch enlarges and the band splitso 
When the external surface of the band is severely worn 
the inscription becomes il~egiblee Appendix 2 shows the 
proportion of bands of different ages which had part of the 
inscription IISEND DOMINION MUSEUM WELLINGTON, NEW ZEALAND" 
erased. Lock bands were the only bands affected. Bands in 
this condition would seldom be returned to the authorities. 
When calculating mortality rates from dead recoveries reported 
by .the public this would be an important source of error. 
The number of bands falling off gulls during a known 
period of wear is shown in Table 4. Since 1966, it has been 
standard practice to add a second band to banded gulls recap-
tured alive~ Later recovery of these rebanded gulls has 
all~wed assessment of the significance of band losso No 
bands were lost in the first four years of wear. After the 
fourth year the proportion lost differed for each type of 
band. ,'It is unfortunate that uhe Ornithological Society of 
New Zealand discontinued the use of lock bands (Type D) as 
these are the besto Only 20 0 4% had been lost from gulls 
after ten years wear. For comparison, gulls with the butt 
to butt band (Type C) constructed of the same material as the 
lock band, had lost 78 0 6% of their bands by the tenth year. 
Another high rate of loss (7)01%) was found for the largest 
butt to butt band (<J'ype A). The "hard aluminium" (Type E) 
butt to butt bands have not been on long enough for adequate 
assessment of the rate of loss but none has been lost in the 
first six years of wear. 
The loss of bands from males and females is shown in 
Appendix Jc The striking feature is the greater rate of 
loss of bands from females. A least squares analysis of 
the rate of band wear confirms that a faster rate of band 
wear occurred on female gulls (Figures) a 9 b? c). 
aspect of band wear has not been considered by other 
researchers. 
This 
Band type E (Figure )c) shows a constant rate of wear, 
but Types C and D (Figure) a, b) show a declining rate of 
wear after the fifth year. Ludwig (1967) found a similar 
decline in a sample of Ring-billed Gull Larus delawarensis 
bands, and concluded that the lighter bands were lost from 
the gulls after the fifth year and so th-ey can. not be 
recovered to be included in the sample, consequently the rate 
of wear shows an apparent decrease o 
Since the greatest wear is caused by', the movement of the 
band up and dOwn the leg, two explanations for the different 
rate ,of wear are possible. Firstly, females may spend 
longer in habitats conducive to abrasion. In silty or 
sandy areas particles may adhere to the leg assisting abra-
sion o Secondly, the different rate of wear may be an "acti-
v'i t y ind ex" • There is no evidence that females spend longer 
in sandy or silty habitats than males, but there is evidence 
to suggest that 
Section 4.2)0 
Perrins, 1965; 
females are more active than males (see 
In this regard many authors (Richdale 9 1957; 
and Brown i 1967b) believe that egg produc-
tion places a great strain on the female than does sperm 
production on the male o Consequently, females may have to 
move about more to obtain the food necessary for egg produc-
tion. 
0-1 
DURATION Of WEAR tDA'l'SI 
FIGURE 3a. Weight loss of band type C (butt to butt) worn 
by male and female Red-billed Gulls o (V males, 
• females). Regression equations; 
Females: Band weight = 
Original band wt - 0.069(age in years x log 00631) 
Males: Band weight = 
Original 'band wt - 0.036(age in years x log 00889) 
The original band weight (mean 0.5596 + 000023) 
was calculated from 49 unused bands. 
o lobo ' 2<ioo 
DURATION OF WEAR (DAYS) 
FIGURE 3b e Weight loss of band type DJlock connection) 
worn by male and female Red-billed Gulls. 
( V males, • females). Regression equations: 
Females: Band weight = 
Original band wt - 0.107(age in years x log 00652) 
Males: Band weight = 
Original band wt - Oe053(age in years x log 0.915) 
The original band weight (mean 0.9065 + 0~0039) 
was calculated from 99 unused bands. 
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FIGURE 3co Weight loss of band type E (butt to butt) 
worn by male and female Red-billed Gulls c 
( V males, • females) 0 Regression equations: 
Females: Band weight = 
Original band wt - O.032(age in years x log 1.155) 
Males: Band weight = 
Original band wt - Oo020(age in years x log 0.915) 
The original band weight (mean 0.5562 + 0 0 0265) 
was calculated from 51 unused bands. 
3.4 Statistical analysis 
Owing to variable numbers of chicks being banded each 
year at Kaikoura, each year class is corrected to 2,000 
birds banded each year. At the commencement of this study 
it was hoped that correction factors for band loss could be 
devised to adjust recovery data o Unfortunately, the use of 
too many band types and the difference between sexes in the 
rate of band loss, pas resulted in the sample sizes being 
too small for this purpose. It is hoped that correction 
factors can be devised latera The age structures p therefore, 
have not been corrected for band loss and so some of the older 
age classes are under~represented, especially females. 
The statistical techniques follow methods outlined by 
Snedecor & Cochran (1967), and Sokal & Rohlf (1969). The 
level of significance is 0.05 9 unless ot'herwise stated 0 
3.5 Terminology and nomenclature 
The ethological terms used follow Moynihan~ (1955) 
nomenclature for the Black ... headedGull Larus ridibundus and 
subspecific names follow Peters (1934). 
Other terms used in this thesis which require definition 
include: 
a) "Recovery": a banded bird retrapped, seen or found dead 
at any place or time after banding (Kinsky, 1961). 
b) 
c) 
d) 
"Recapture" : a banded bird retrapped, seen or found dead 
after the first recoveryo 
"Breeding period": the period between the laying of the 
first egg at the colony and the fledging of the last 
chick. 
"Pre-breeding period" g the interim between the arrival 
of the birds at the colonies and the laying of the first 
e) 
egg at the colonies o 
"Post-breeding period": 
11. 
the period between the fledging 
of chicks and the departure of the birds from the breed-
ing grounds. 
f) "Population": the "inhabitants of a particular area" 
(Elton, 1927). 
g) "Breeding season": the time between the arrival of gulls 
at the breeding grounds until their departure. 
h) "Established colonies": those which have had birds 
breeding consistently for at least five years o 
i) "Newly established colonies": are colonies which have 
been established for less than three years. 
j) "Adult": in adult plumage but has not necessarily bred. 
k) "Juvenile": in immature plumage (6 weeks - 15 months). 
1) "Breeding success": proportion of eggs producing fledged 
young. 
3 0 6 Trapping procedures 
Three methods were employed to trap adult gUlls at the 
oolonies o During incubation, adults were caught at the nest 
with an automatic drop-trapo The incubating bird returning 
to the nest disturbed a nylon line, causing a split peg 
supporting the trap to break, and the trap dropped. The time 
taken for the gull to enter the trap varied between ten 
seconds and three minutes, being shortest on cold days. Both 
sexes readily entered the trap and very few gulls failed to be 
caught. 
A pole net, consisting of a five foot pole with a net on 
the end, was used on ledges and ridges where the drop trap 
could not be seto This method was also effective when chicks 
were in the nest, for adults were then reluctant to enter the 
nest if a drop-trap was present. Gulls returned to the nest 
12. 
immediately on release and little damage through trapping 
was experienced. It is believed that no bird deserted a 
nest as a result of handling. 
Prior to and after breeding, gulls were captured by 
hand, on night roosts following illumination with a spotlight. 
The best results were achieved on calm, dry overcast nights. 
3.7 Effects of investigator and visitors to colonies 
Human intruders inevitably disturb nesting birds. In 
this study it was not possible to carry out field observa-
tions from a hide or blind and so some disturbance was 
unavoidable. The greatest harm resulted when adults were 
kept away from the nest. On these occasions neighbouring 
gulls usually devoured the eggs, and if large chicks were left 
they often wandered on to other territories and were severely 
pecked. This form of disturbance was minimised by moving 
slowly through the colonies since the adult gulls remained on 
or near the nest and so were able to protect their chicks and 
eggs against attack from other gulls. 
When handling adults the drop-trap was left on the nest 
in such a way that no other gull could interfere with the nest 
and its contents. 
Visitors frequently approach the gUll colony at Light-
house Point to visit the seals. Safe access to this colony 
can normally be made only an hour either side of low tide. 
At these times I was usually present and asked visitors not to 
disturb the gulls. 
Disturbance during nest construction or site establish-
ment may cause desertion particularly of inexperienced birds. 
Also, gulls nesting on the fringes of the colonies may be more 
susceptible to disturbance than those nesting in high density 
areas. 
Considering all forms of disturbance it is believed 
that my presence caused very little desertion or loss of 
eggs and chicks by predation. 
TABLE 5. Number of' males and f'emales captured 
in the prebreeding period according 
to age class 
August 1965 
Age in years 
Sex 2 3 4 5 6 7 
Male 2 7 1 1 9 8 9 4 
Female 2 7 14 13 6 5 2 
Total 4 14 25 22 14 14 6 
p = 0.688 0.605 0.345 0.262 0.788 0.910 0.891 
(binomial 
expansion) 
August 
-
October 1968 
Age in years 
Sex 2 3 4 5 6 7 8 9 10 
Male 8 34 22 1 1 1 1 12 10 8 4 
Female 8 26 21 15 10 15 13 8 0 
Total 16 60 43 26 21 27 23 16 4 
p = 0.598 0.877 0.620 0.279 0.416 0.351 0.339 0.598 0.063 
(binomial 
expansion) 
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4. SEX RATIO 
Samples of banded gulls obtained at different times of 
the year showed considerable differences in the sex ratio. 
4.1 Sex ratio prior to and at breeding 
The samples of banded gulls captured in the pre-breeding 
period by spotlighting on night roosts are shown in Table 5. 
The sex ratio in all age classes did not differ significantly 
from an expect~d 50:50 ratio o However 9 in the samples of 
banded gulls captured d incubation by pole nett and 
drop-trapping there was a preponderance of males (Table 6). 
Many age classes showed a significant deviation from an 
expected 50:50 sex ratio. 
Spotlighting does not favour the recovery of either sex 
since most gulls illuminated were readily captured. Simi-
larly, the discrepancy in the sex ratios between the pre-
breeding and breeding samples cannot result from dispropor-
tionate emigration of males as those seen elsewhere (Welling-
ton 9 Lyttelton and Christchurch) during the pre-breeding 
period were accompanied by their future mates. It was assumed 
(Mills, 1967) that the disproportionately large number of 
banded males captured in the breeding population represents a 
trapping bias. To account for this it was postulated that 
males undertake a greater share of the incubation and would 
therefore be more likely than females to be captured. How-
ever, more recent study has shown that no trapping bias exists. 
Tasker (1970) found that there was no significant difference 
between males and females in the time spent in the nest terri-
tory during incubation. 
In the 1967-68 breeding season an attempt was made to 
capture all banded gulls breeding in study areas. All gulls 
TABU; 6. Number of' males and 
remales captured in the 
breeding season 
1964-65 
Age ill years 
Sex 2 J 4 5 6 
Male 41 35 58 61 31 
Female 13 26 23 26 13 
Total 54 61 81 87 44 
Note. 
p(x:!) 0.01 0.5 0.005 0.001 0.005 
1965-66 
Age in years 
Sex 2 3 I. 5 6 7 
Male 11:! 58 44 77 76 49 
Female 4 51 44 51 43 27 
Total 22 109 88 128 119 76 
Note. 
p(X2 ) 0.05 0.75 0.5 0.1 0.05 0.1-0.05 
1967-68 
Age in years 
Sex 2 3 4 5 6 7 8 9 
Male 17 24 40 56 45 64 47 16 
Female 2 14 24 42 32 54 29 14 
Tot.al 19 38 64 98 77 118 76 30 
Note. 
p(X2) 0.01 0.25 0.1 0.5 0.25 0.5 0.2~ 0.5 
1968-69 
Age in yeal'll 
Sex 2 3 4 5 6 7 8 9 10 
Hale I, 35 J7 58 74 60 60 55 25 
F'ern'-lle 0 8 26 26 52 119 47 34 14 
Total 4 43 63 84 126 109 107 89 39 
Noll'. 
p(X 2 ) 0.:!5 0.005 0.25 0.01 0.25 0.5 0.5 o. 1 0.25 
captured were given a single colour band and rebanded with a 
new metal band as a precaution against loss of bands. This 
meant that within the population there was a known number of 
banded males and females which were known to breed o If a 
trapping bias existed, it was expected that when these gulLs 
were recaptured the following breeding season a signifi-
cantly higher proportion of males would be recovered. As 
this was not so there can be no trapping bias (Table 7) .. 
TABLE 7. 
Males 
Females 
, 
Proportion of banded males and 
females recaptured breeding in 
successive seasons (1967-68 & 
1968- 6 9) 
No .. 
banded gulls 
recovered i.n 
1967-68 
320 
204 
No" 
band ed gulls 
recaptured in 
1968-69 
210 (65 .. 6%) 
121 (59 .. 3%) 
Note. Fisher's exact test p=0.1698 
Fitting colour bands could not have increased the possibility 
of recapturing a female rather than a male .. Nor could loss 
of colour bands be considered a contributing factor as they 
showed minimal wear and no banded bird was recovered with a 
colour band missing. Since the recapture data show that 
there is an equal chance of recovering a banded male or female 
during the incubation period, the sex ratio in the recovered 
birds of each age group breeding must be considered to be repre-
sentative of that year class which is breeding (except in the 
TABLE 90 Proportion of banded males and females 
in the pre-breeding population 
Males Females 
Number captured 31 33 
Number banded 19 14 
Per cent banded 6103% 4204% 
Per cent not banded 3807% 5706% 
Note o Fisher's exact test p = 0 0 20765 
Sex 
Male 
Female 
Note o 
TABLE 100 
Noo 
changing 
mates 
28 
24 
Proportion of unknown aged new 
partners breeding with males and 
females that changed mates 
New breeding partner 
Unknown age Known age 
19 (67,,9%) 9 (32 0 1%) 
14 (58.3%) 10 ( 41 07%) 
Fisher's exact test 
16. 
older age classes where females lose more bands). 
It is now concluded that fewer banded females than banded 
males are captured because female survival is greater in the 
cohorts not banded (gulls over 10 years of age), This results 
in a greater proportion of unbanded females in the population; 
this shows clearly in the records of partners of banded mal~s 
and females captured in the 1967-68 and 1968-69 breeding 
seasons (Table 8). In both breeding seasons significantly 
TABLE 8" Proportion of known aged males and 
females breeding with unknown aged 
partners 
Noo of Breeding partner 
Season Sex known 
age unknown age known age 
1267- 68 
Male 183 108 (59,,0%) 75 (41.0%) 
Female 126 51 (40.5%) 75 (59.5%) 
1968-69 
Male 305 208 (68.,2%) 97 (3 1.8%) 
Female 195 98 (50.3%) 97 (49,,7%) 
Note. Fisher's exact test (1967-68) p :;: 0000195 
Fisher's exact test (1968-69) p :;: 0.00009 
more unbanded partners were breeding with banded males than 
with banded females (p = <0.001). This shows clearly a 
surplus of unbanded females in the population. Additional 
support for this contention, although not statistically signi-
ficant9 is shown by the excess of unbanded females in the 
a~t3 9 
252015105 $10152025 
Pet I;ent recovered at Wellington 
~~ ~J~ 
252015105 ~1015io25 
Per cent rk(Jllef'ed at ~aikOlira 
2520 510'5'202.5 
Pet cent fKowred at Chnslch,wch ~ 4voo Cf ~ Q 
Kaikoora 
25 10 15 10 5 ,s 2'0 is 
Po< cent r •• " ... ...t at Timaru 
ChrfStdiurch 
"" 
c,,", ,.,,,,....0<1 at Oamaru 
o SO 100 1set 200 
~i , 
Kilometres 
~ rt~L 
io .. .,., 1$ I. S • I. '5 25 
... , co'" rOCOYered at Dunedin 
FIGURE 4c Percentage of colour marked males and females 
seen at different localities between 1 May and 
30 June 1968 Q 
pre-breed~ng populat~on (Table 9) and the greater proport~on 
of males than females wlth unbanded new partners follow~ng a 
change of mate (Table 10)0 
4Q2 Sex ratlo followlng d~spersal 
The sex rat~o ~n the non=breed~ng perlod was determlned 
from recoverles of gulls that were sexed and colour marked 
ln the prev~ou~ breed~ng seasono Flgure 4 and Table 11 show 
the proportlon of males and females seen at d~fferent areas o 
The number of gulls recovered ~n the two years dlffered belng 
hlgher ~n 1969 because blrds were lndlvidually colour coded 
and could be ldentlfled from a distance whereas thls was not 
so ln 1968. S~gn~flcantly more males than females were 
recovered ln all areas c The small numbers of £emales 
recovered can not be attributed to mortality since recoveries 
of colour marked gulls breeding at Kaikoura indicate that a 
large proport~on survived from the previous breedlng season 
(Table 7)c This suggests that males are more easlly seen 
than females outslde of the breeding season, perhaps because 
females move around more o Alternatively~ females may tend 
to feed offshore more than maleso Stonehouse (1965) has 
recorded flocks of seagulls feeding at sea between Cape 
Campbell and Pegasus Bay ln May and Julyo 
Analysis of the recapture data (Flgure 5 and Table 12) 
shows that the dlstributlon of recaptures of both sexes, 
wlth the except~on of males in Chrlstchurch, does not depart 
slgnificantly from the expected Poisson distr~but~ono In the 
analys~s the f~rst recapture was treated as the or~ginal mark-
ing, the second recapture as the flrst recapture and so ono 
Although there ls a tendency for the recapture data to conslst 
of too many indlvlduals not recaptured and too many recaptured 
frequently, the recovery data at Welllngton, Kalkoura, Timaru, 
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FIGURE 50 Distribution of recaptures in relation to the 
expected Poisson distribution. 
TABLE 11. Recoveries of colour marked Red-billed 
Gulls at different localities in winter 
1967 1968 
18" 
Males <'Females Males Females 
No. colour marked 395 342 506 490 gulls available 
Noo % No., % No. % No o % 
seen seen seen seen seen seen seen seen 
Wellington 18 4.6% 6 1" 8% 51 1 0" 1 % 39 8.0% 
Nelson 0 0 2 0 0 4% 0 
Havelock 0 1 0 0 3% 1 0 0 2% 3 0.6% 
Picton-Blenheim 1 0.2% 0,,3% 0 0 2% 0 
Kaikoura 32 801% 8 203% 62 1203% 24 4.9% 
Christchurch 24 6.1% 2 0 0 6% 44 8.7% 10 2.0% 
Lyttelton 2 0.4% 1 002% 
Timaru 5 1,,3% 2 0 0 6% 10 2.0% 9 1" 8% 
Oamaru 6 1" 5% 0 8 1 ,,6% 0 
Moeraki 002% 0 0.2% 0 
Dunedin 4 1 0 0% 0 9 L8% 0.2% 
Invercargill 0 0 
Greymouth 0 0 0 0 
Oamaruand Dunedin are sufficiently ranQom (Table 12) to allow 
application of Jolly's (1965) stochastic model to compute the 
population size. Among other things, Jolly's model has the 
advantage over otber methods as the trapping efforts are not 
required to be equal on each occasion and there is no need for 
the intervals between trapping periods to be equal (Williams, 
1965; Manly & Parr, 1968). Although more males were 
recovered at Kaikoura the estimates of population size of the 
TABLE 12. 
Locality 
Wellington 
Kaikoura 
Christchurch 
Timaru 
Oamaru 
Dunedin 
19. 
Comparison of recapture distributions 
with corresponding Poisson distribution 
Males Females 
G-test G-test 
statis- statis-
tic d.:f. p tic d.f. p 
0.554 0.50-0.25 1 .766 0.25-0.10 
6.807 3 0.10-0.25 10629 3 0.75-0.50 
8.682 3 0" 05-0 .025 1" 829 3 0.75-0.50 
3.668 1 0,,10-0.05 0.482 0.50 
1 .249 0.50-0.25 
2" 122 0.25-0.10 
sexes are the same for 16 and 17 May (Table 13). In 
Wellington, the estimates gave more females than males. 
This supports the view that the ratio of females to males 
is greater than was observed but females are less readily 
seen. 
TABLE 13. 
Locality 
Wellington 
Kaikoura 
Christchurch 
Timaru 
Oamaru 
Dunedin 
Estimates of population size of males and 
females from the Kaikoura population at 
different localities in winter 1968 
Males Females 
Date 
N SoEc N S.E. 
20 June 2907 7.8 58,,7 60.6-
15 Hay 81.6 111L 7 132 * 
16 May 39.4 4¢6 40.0 38.8 
17 May .6 1503 60.0 76~5 
21 May 67.1 34.5 * * 
22 May 31.9 4.6 4.0 * 
4 June * * 4 * 
10 June 
* * * * 
7 June 21" 0 24,,1 * * 
Note. * number of recaptures small so no estimate can be 
made. 
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FIGURE 60 Relative abundance of adult euphausiids 
(after Grieve, 1966) and the hatching and 
laying periods of the Red-billed Gullo 
PLATE ,. Aer~al v~ew of g u ll s feeding wlth f~sh shoals . 
T e gulls re f e e d ing on t h e per~phery o f the 
s hoa ls , p re s u ma bly o n the planktonic e upha u -
i~d y c tiphanes australis wh~ch the fish are 
believed to be feeding or also. 
20. 
5. BREEDING CYCLE 
5.1 Period of food abundance 
The diet of breeding adult gulls and nestlings consists 
chiefly of the planktonic euphausiid Nyctiphanes ~strali~o 
Comparison of the relative abundance of adult euphausiids in 
19b4 and 1965 (after Grieve, 1966) and the number of chicks 
hatching in the 1964-65 breeding season (Figure 6) shows that 
the peak abundance of adult euphausiids coincides with the 
hatching periodo 
are also gi.venc 
The lay periods of subsequent seasons 
It must be emphasised that the relative 
abundance of adult euphausiids does not represent the availa-
bility, since the Euphausiacea, to which N. australis belongs, 
normally lives in detritus-bearing waters near the bottom of 
the continental shelf, feeding on copepod faecal pellets and 
live diatoms and are found at the surface only for brief 
periods (Sheard, 1953). At Kaikoura, Grieve (1966) invari-
ably found Euphausiacea at the surface, but the maximum concen-
tration of all stages was found between 22 and 100 metres 
depthc For brief periods in its life histo=y ~o australis 
forms swarms at the surface (Sheard, 1953) and it is then that 
it is available to gulls (Plate 1). Stonehouse (1965) 
recorded flocks of 2,000 gulls associated with such swarms, 
and smaller flocks totalling several thousand birds occurring 
simultaneously along many miles of coast. 
The reasons for swarm formation are not known (Mauchline 
& Fisher, 1969)4 Sheard (1953) contends that adult No 
australis swarm for breeding, and masses of larvae either 
congregate over a period in local rips and eddies or are 
released in "floods" during brief mass-hatching periods4 
Komaki (1967) suggests that the surface swarms of Euphausi~ 
pacifica in Japanese waters are associated with cold water 
masses, and the mixing of these with warmer coastal water 
210 
produces the swarms, usually at the margins of the cold 
masses. Similarly, Murphy & Shomura (unpublished manu-
script, quoted by Ashmole & Ashmole, 1967) emphasise the 
importance of "fronts" in concentrating plankton into small 
areas o According to Voorhis & Hersey (1964) a front is 
detected by abrupt changes in the surface temperature, Many 
of the fronts which develop are associated with convergence 
and sinking (Uda, 1938; Cromwell & Reid, 1956; Knauss, 
1957)0 Ashmole & Ashmole (1967) pointed out that the biolo-
gical significance of such fronts is that "they tend to 
concentrate plankton species which are capable of resisting 
the downward currents". 
Some species of euphausiids form temporary swarms prior 
to breeding; others, however, such as Euphausia surperba, 
form subpopulations in the larval stages and remain aggregated 
(Mauchline & Fisher, 1969; Marr, 1962)0 It is not known 
whether Nyctiphanes australis swarms are permanent or tempo-
rary. The extent of lie australis swarms vary. Fishermen 
(perso comm.) at Kaikoura have encountered small swarms with a 
patchy distribution and others two acres in extent and a metre 
in depth~ The number of euphausiids present in some swarms 
is enormous. In a swarm of Euphausia krohnii off the Canary 
Islands, the density was estimated to be 30,000 per cubic metre 
(Baker, quoted by Mauchline & Fisher, 1969)0 
Although there appears to be an abundance of No australis 
at Kaikoura, the plankton is only available when it swarms at 
the surface. Furthermore, the euphausiids are subject to 
fluctuations in abundance caused by hydrological disturbances 
(Grieve, 1966). In December 1964 and January 1965 a marked 
reduction of numbers coincided with an influx of oceanic watero 
Associated with the disappearance of euphausiids, Grieve noted 
a similar disappearance of Kahawai Arripis trutta, which rely 
on euphausiids for a greater part of their diet. For these 
reasons, the plankton off the Kaikoura coast may not be avai-

FIGURE 7. Seasonal variation of body weight of adult 
Red-billed Gulls~ The mean and one standard 
deviation from the mean are giveno 
22. 
lable to the gulls at all times. This unreliability of the 
food supply may be a limiting factor for the breeding popu-
lation. When the swarms appear, competition for food pro-
bably developsQ 
The change in mean body weight of gulls in the prebreed-
ing period indicates that food during this period is in short 
supply (Figure 7)0 In 1965 the gulls quickly lost weight 
from the time of their arrival at Kaikoura in August until 
the end of September3 In 1968 the loss of weight occurred 
in September" According to Grieve (1966), the availability 
of adult euphausiids does not reach a peak until November, 
so the weight decline is probably caused by keen competition 
for a relatively restricted food supply. The mean weight 
of the sample of males and females for the 7 October 1968 are 
statistically lower than the mean weights of the sample of 
males and females trapped between 10 and 17 October (Table 
14). The samples of 7 October are from the whole. colony, 
TABLE 14. 
Date 
7 October 
10-17 October 
Per cent increase 
Mean weights of male and female 
Red-billed Gulls prior to and at 
breeding in 1968 
Male Female 
No o No. 
gulls Mean S.D, gulls Mean 
19 287.9 17. 18 29 258.0 
39 309.9 20.28 27 29200 
7.1% 11 .6% 
t = 4.0378, t = 5~0353, 
d.f. = 56, d.f. = 54, 
p = < 0 0001 P =<0.001 
S.D. 
19.42 
29.49 
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TABLE 15. Mean body ,.'eight o.f male and f'emale Red-billed Gulls 
of known age in the pre-breeding period o.f 1968-69 
Males Females 
7 September 17 September 7 September 17 September 
No. Mean S.D. No. Mean S.D. No. Mean S.D. No. Mean S.D. 
5 275.0 15.4 7 249.J 12.1 
15 299.7 JO.8 17 26J.8 20.1 9 258.J 15.6 17 2J8.8 15.6 
9 290.0 10.9 10 269.0 19.4 10 256.0 1 1 .5 1 1 250.5 25.5 
JO 299.5 27.6 22 281.1 19. 1 19 259.7 2J.0 24 251.7 16.8 
t(between J & 5-10yr .females, 7 Sept.) = 0.1659, d • .f. .. 26, p .. 0.50 
t(between J & 5-10yr males, 7 Sept.) .. 0.0187, d • .f. '" 4J, p • 0.50 
t(between 2 & 5-10yr .females, 17 Sept.) '" 0.J479, d • .f. 
-
29, p .. 0.50 
t(between 2 & 5-10yr males, 17 Sept.) .. 0.6664, d.f. '" 25, p .. 0.50 
t(between 3 & 5-10yr females, 17 Sept. ) .. 2.4871, d.f. • 39, p '" 0.025 
t(between 3 & 5-10yr males, 17 Sept.) '" 2.7405, d.f. '" 37. p '" 0.01 
t(between 4 & 5-10yr males, 17 Sept.) • 1.6558, d.f. • 30, p • 0.10 
taken three days before the laying commenced at Kaikoura, 
while the samples taken between 10-17 October are restricted 
to the earliest breeders, The same trend is noted in 1965, 
but in this case the sample of 17 October is of gulls cap-
tured breeding throughout October (Figure 7). The substan-
tial difference in mean weight between the early breeders 
and the general population indicates that early breeders are 
the gulls which have competed mo~t successfully for food, 
\ 
and that the others require more time to attain breeding 
condition. The weight distributions of the breeding popu-
lation (Figure 8) show an absence of light gulls which are 
known to be present in the general population. It is a 
reasonable assumption that these have not reached breeding 
condition. This is in agreement with the argument put forward 
by Perrins (1965) which suggests that females commence breed-
ing at the earliest time they are able to attain breeding 
condition. It must be emphasised that these early breeders 
have attained breeding condition prior to the increase in food 
abundance; this is an advantage since these gulls will have 
chicks in the nest when food becomes plentiful. 
Table 15 shows that there is no statistical difference in 
the mean weights of male or female gulls of different ages at 
7 September. On 17 September the mean weights of three year 
old males and females are statistically lighter than for gulls 
over four years of age. These observations show, as Lack 
(1954) has pointed out, that at the time when the population 
is facing food shortage not all individuals in the population 
are affected. Younger gulls are most affected at these 
times, however, it must be noted that the variability of 
weights within all age classes is large. 
Ward (1965b), quoting Connell et al (1960), concludes 
"that as a rule changes in body weight of adult birds are the 
result of changes in the fat reserves, though this may not 
apply when starvation is acute and tissues other than fat are 
24. 
broken down, or ~n females produc~ng eggs". Table 16 
summar~ses the fat content of known aged gulls in the pre-
breeding period. The fat was d~ssected away from the body 
wall and the periviscera. There is a trend for two and 
three year old gulls to have less fat reserves than older 
gulls. 
TABLE 16. 
No .. 
Date gulls 
exa-
mined 
MALES 
17 Sept. 10 
7 Oct. 8 
FEMALES 
17 Sept. 9 
7 Oct. 9 
Fat reserves (grammes) of known aged 
gulls in the pre-breed~ng period of 
the 1968-69 season 
2-3 year gulls 4-10 year gulls 
No. 
Sub- Peri- gulls Sub- Peri-
cutaneous visceral exa- cutaneous visceral 
fat fat mined fat fat 
+ 1G79-1.82 + 0.78-0.71 6 + 4.38-3.23 + 1.30-0.80 
+ 3.78-3.90 1.08::!:1.40 9 4.09:!:2.24 + 1.08-0.85 
+ 4.,80-2.10 + 1.68-0.69 7 + 3.26-2.55 + 1.36-1.25 
+ 3.61-2.15 + 1 0 12-0.84 9 + 6.22-3.88 + 2.12-1.62 
5.2 Return to the colonies and occupation of nest sites 
The gulls begin to arr~ve at Kaikoura in late June, having 
been away since January, but the occupation of prospective nest 
sites does not begin until early August. In the interim the 
gUlls show no apparent interest in the trad~tional nesting 
colonies, spending the day feeding along the coast and the 
night roosting on offshore ~slands (Mills, 1967). It is not 
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FIGURE 9. Diurnal variations in the number of Red-billed 
Gulls in a colony study area prior to egg 
laying. 
until late August or early September that the nesting colony 
is occupied at night as well as day. This may be to counter 
night attacks by Stoats, Mustela erminea. The Black-headed 
Gull Larua ridibundus at Ravenglass, England, was also reluc-
tant to roost at night on nesting colonies prior to breeding 
because of the presence of Foxes Vulpes vulpes (Kruuk, 1964; 
Tinbergen, 1967). 
The first areas claimed are usually the elevated por-
tiona of the colonies. Throughout the prelaying period, the 
number of gulls occupying nest sites fluctuates during the 
day (Figure 9)0 Peaks of occupancy occur early in the morn-
ing, at mid-day and in the early afternoon. Table 17 shows 
that there is a marked reduction in the time the territory is 
TABLE 17. Temporal relationships of paired gulls 
with the territory in the pre-incubation 
period. (After Tasker, 1970) 
Obser-
va- Time Time Time 
Date* tion female male Time both 
time+ present present together absent 
-13 to 
-20 16.50 10 .. 04(60.8%) 4.09(24.8%) 2.33( 14.1%) 5. 10(30.9%) 
- 7 to 
-12 44 .. 30 37.59(84.9%) 14.18(32.0%) 9 .. 52(21.5%) 2.05( 4.6%) 
-
1 to 
- 6 51 .. 30 44.01(85,,8%) 21 .39 ( 41 .7%) 14.13(27.5%) 0.03(0.06%) 
Total 
time 112.50 92 .. 04(81.8%) 40.06(35.6%) 26.38(23.4%) 7.18( 6.4%) 
Note. * Day -1 is the day before the first egg is laid. 
+ Time is in hours and minutes. 
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occupied as the egg-laying date approaches. Table 17 also 
shows that females spend over twice as long in the territory 
than do males; Tasker (1970) found the difference to be 
significant (p = 0 0 001)0 
5.3 Return tendency 
Despite banding of chicks at 31 localities throughout 
New Zealand less than 1% of the banded gulls recoveredbreed~ 
ing were banded at localities other than Kaikoura (Table 18). 
All the "foreign" banded gulls recovered breeding were 
fledged at Lake Grassmere, 82 miles north of Kaikoura. 
TABLE 18 0 
Locality 
of banding 
as chicks 
Kaikoura 
Lake Grassmere 
Total 
Locality of banding of the banded gulls 
recovered breeding at Kaikoura 
1967-68 1968-69 
Males Females Males Females 
325 211 279 236 
2 3 3 2 
327 214 382 238 
Males tend to breed at their natal colony (philopatry) 
but this trait is not so marked in female gulls (Table 19). 
The proportion of males recovered breeding at the natal colony 
is high considering that there are three large and seven small 
colonies where the males could breed. Philopatry has also 
been described for the Shag Phalacrocorax aristoxelis (Potts, 
1969), the Gannet Sula bassana (Nelson, 1966b) and the Short-
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FIGURE 10. Number of males and females of known age 
recaptured breeding at Kaikoura. 
TABLE 20. Age of breeding partners 
Age of Age of male (years) Mean 
females of 
(years) 2 3 4 5 6 7 8 9 10 male 
2 2 2.00 
3 7 13 3 1 3004 
4 2 1 1 9 5 2 1 4.03 
5 3 9 12 4 3 4.85 
6 1 6 7 13 6 4 4.89 
7 1 4 4 6 13 4 4 2 5.68 
8 2 2 2 4 9 5 2 6.50 
9 1 1 2 1 3 3 4 1 7" 1 3 
10 1 2 7.00 
Mean of 
female 3c64 4.80 5,,29 5.78 6.42 7,,08 7~43 8036 9.00 
Note. Percentage with partners the same age = 25,9% 
Percentage with the male being older = 17~O% 
Percentage with the female being older= 57" 1% 
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tailed Shearwater Puffinus tenuirostris (Serventy, 1967). 
Breeding 
and natal 
colony 
Same 
Different 
TABLE 19. The relation of natal and 
breeding colony 
1967-68 1968~69 
Males Females Mal~s Females 
15 2 26 6 
16 8 JJ 10 
504 Sex differences in the age at first breeding 
With a large breeding population it is impossible to be 
sure at what age birds breed for the first time. However, 
it is evident from the age composition of banded gulls cap-
tured breeding over four seasons that the age of first breed-
ing is variable (Figure 10)0 The gulls are capable of 
breeding at two years of age, but the majority breed for the 
first time at three, four and five years and some even later. 
The proportion of young birds in the population in the 1964-65 
season is exaggerated because sampling of the breeding popula-
tion commenced late in the season when proportionately more 
young gulls are breeding o 
The striking feature of Figure 10 is that in all age 
groups proportionately more banded males than females were 
recovered breeding. This difference is not due to a sampling 
bias, but to larger numbers of females surviving, thus creat-
ing an unequal sex ratio o Because of this some females are 
unable to obtain a partner and may not breed until they are 
TABLE 21. 
Age of 
females 
(years) 2 3 4 
2 
3 
4 1 1 
5 
6 1 
7 2 
8 1 
9 1 
10 2 
Unknown 5 2 
Mean of 
female 70 1 400 
Note. Percentage 
difference 
Percentage 
Percentage 
The age of male and female 
gulls forming a new pair 
bond after changing mates 
Age of male (years) 
5 6 7 8 9 10 Unknown 
3 
4 
2 
2 1 
2 2 1 2 12 
705 900 900 
with partners with age 
of no more than one year = 26.7% 
with the male being older = 000% 
with the female being older = 8607% 
Mean 
of 
male 
300 
305 
4 00 
3 00 
3 e O 
405 
300 
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six or seven years old e This is interesting, because in 
other breeding studies of known aged birds (for example, 
Yellow-eyed Pengui~ Megadyptes antipodes, Richdale, 1957; 
Kittiwake Gull, Rissa tridactyla, Coulson, 1966; Starling 
Sturnus vulgaris, Kluijver, 1935; and the Gannet, Sula 
bassana, Nelson, 1966b; Short-tailed Shearwater, Puffinus 
tenuirostris, Serventy, 196q) females breed at an earlier age 
than males e 
5.5 Age of breeding partners 
Table 20 gives details of 212 known age pairs. Many 
partners were of similar age; 68.4% had mates with an age 
difference of no more than one year and 25.9% of these had 
partners of the same age. Similar figures have been found 
for the Yellow-eyed Penguin Megadyptes antipodes (Richdale, 
1949) and the Kittiwake Gull Rissa tridactyla (Coulson, 1966). 
In 57.1% of all pairs the female was the elder partner. The 
tendency to mate with a partner of the same or similar age 
results from the retention of pair bonds and the difference in 
the timing of the onset of breeding by different aged birds. 
Because 82 0 8% of pair bonds are retained, the majority of 
unmated gulls are birds which have not bred and they are, 
therefore, likely to breed together. Because males tend to 
breed at an earlier age than females, there is a discrepancy 
in the age of partners which is retained from s.eason to season 
with the retention of pair bonds. Furthermore, the difference 
in the timing of the onset of breeding in different aged birds 
means that older gulls changing mates have an increased oppor-
tunity of mating with a similar aged gull (Table 21). 
TABLE 22~ Retention and change of breed~ng partners 
(a) MALES 
No o % No., % 
Age of changed changed retained retained 
males mates mates mates mates 
2 years 0 0 
3 years 0 0 
4 years 0 2 10000% 
5 years 3 3303% 6 6606% 
6 years 5 3507% 9 64.,3% 
7 years 2 13.,3% 13 8607% 
8 years 3 17,,6% 14 82.4% 
9 years 3 1808% 13 8102% 
10 years 50,,0% 50.0% 
Unknown 7 905% 67 90.5% 
Total 24 16.1% 125 83.9% 
(b) FEMALES 
No., % No o % 
Age of changed changed retained retained 
males mates mates mates mates 
2 years 0 0 
3 years 8 61 0 5% 5 3805% 
4 years 3 25~0% 9 75.0% 
5 years 3 18,,8% 13 8102% 
6 years 2 15.4% 1 1 8406% 
7 years 0 16 100.0% 
8 years 1 5.3% 18 9407% 
9 years 2 8,,7% 21 91 .3% 
10 years 0 2 100.0% 
Unknown 9 2301% 30 76.9% 
Total 28 1803% 125 81 .7% 
5.6 Retention and change of breeding partners 
There is a marked tendency for Red-billed Gulls to 
retain the partner of the previous breeding season (Table 22). 
Comparable figures for the maintenance of pair bonds have been 
recorded in other sea-birds (namely, 94.7% by Laysan Albatross 
Diomedea immutabilis (Rice & Kenyon, 1962); 59% by Yellow-
eyed Penguins Megadyptes antipodes (Richdale, 1949); 64% by 
Kittiwake Gulls Rissa tridactyla (Coulson, 1966». There is 
a marked tendency for older gulls to retain partners. This 
has also been noted by Coulson for the Kittiwake Gull. It is 
known that at least 4% of the gulls changed partners because 
the previous mate had died, but the actual figure may be con-
siderably higher since 66% of the former mates had not been 
located by October 1969. Twenty-seven per cent of the gulls 
which changed mates had the former partner breeding on the 
colony. 
Fifty-three per cent of the gulls which changed mates 
selected partners that were three or four years old (Table 23). 
TABLE 230 
Sex of Age 
new 
partner 2 3 
Male 6 
Female 
Total 7 
Ages of gulls breeding with gulls 
which have changed mates 
of new partner (years) 
Unknown 
4 5 6 7 8 9 10 age 
2 14 
3 2 19 
3 J 2 ~ 2 33 
Total 
24 
28 
52 
30. 
Most were probably inexperienced breeders, as only one was 
seen breeding in the previous season. Six of the nine new 
partners over four years of age had bred previously. 
5.7 Date of egg laying 
In the seasons from 1965-66 to 1968-69, the first clutch 
was laid by 11 October. The laying period, excluding 
replacement clutches, lasted from 11 October to 24 December 
(74 days) in the 1965-66 season; from 9 October to 22 December 
(74 days) in 1967-68 and from 1 October to 27 December (87 
days) in 1968-69c Figure 11 shows the percentage laying at 
different study areas for the two years, 1967-68 and 1968-69. 
Despite the long egg laying period, there was a marked syn-
chrony of laying. In each season, peak lay occurred at the 
same time in most of the study areas, and between the seasons 
the peak varied o~ly slightly, being earlier in the 1968-69 
season. 
Table 24 presents the median and mean laying dates in 
TABLE 24c 
Colony 
Lighthouse 
Iceplant 
Rhinohorns 
Mean and median laying dates of study areas 
in the 1967-68 and 1968-69 breeding season 
No. 
Area Year nests Median Mean S.D. 
A 1967-68 179 31 Oct. 2 Nov. 15.3 Days 
1968-69 159 5 Nov. 7 Nov. 19.7 Days 
A 1967-68 52 6 Nov. 8 Nov. 14,,3 Days 
1968-69 108 31 Oct. 3 Nov. 15.6 Days 
A 1967-68 146 30 Oct. 1 Nov. 12.4 Days 
1968-69 113 28 Oct. 31 Oct. 16.4 Days 
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study areas where daily checks of nests were made. The 
dates are remarkably consistent regardless of year or study 
area. A similar consistency has been recorded for the 
Gannet, Sula bassana (Nelson, 1966a). 
Greater synchrony appears in areas of high elevation 
(Figure 11 b, d, f) than in lower lying areas (Figure 11 c, 
g, h). This is to be expected as the higher colonies are 
preferred sites and attract breeders earlier. 
5.8 Incubation 
The incubation period varied between 21 and 27 days. 
In two-egg clutches there was an interval of a day between 
hatching, but in three-egg clutches there was a difference 
of two days between the second and third hatchings. 
Tasker (1970) has shown that males and females spend approxi-
mately equal amounts of time in the vicinity of the nest 
during the incubation period. 
In some nests the only contents were shells or stones 
the sixe of an egg. Some gulls tried to incubate such 
objects for eight weeks or longer. 
5.9 Clutch size 
The normal clutch size is two eggs, but a few gulls lay 
one, three, four and five eggs. The Red-billed Gull is a 
determinate layer. Removal of one or two eggs during egg 
laying is not compensated by any further egg production. As 
in a number of gull species (Weidmann, 1956; Paludan, 1951), 
the placing of eggs in the nest before laying starts, 
suppresses the lay of eggs. 
The frequency distribution of clutch sizes from marked 
32. 
nests for the four seasons is shown in Table 25. The annual 
frequencies of clutch size differed significantly among years, 
Clutch 
size 
2 
3 
4 
5 
Total 
Mean 
SoD. 
Note. 
TABLE 25. Frequency distribution of 
clutch sizes 
Breeding Season 
1964-65 1965-66 1967-68 1968-69 
102 116 124 102 
451 553 794 734 
50 55 101 77 
6 
604 730 1020 914 
1 .92 1.93 1 .98 1. 98 
0.50 0.51 0.47 0.45 
G statistic for the entire set = 32.35, 
d • f" = 12 ~ P = < 0.005 
Total 
444 
2532 
283 
8 
3268 
1 096 
0.48 
however the clutch sizes of individual females in successive 
seasons (1967-68 and 1968-69) showed no significant differ-
ence (Table 26). 
Over 72% of the females laid a clutch of the same size 
in successive seasons; this consistency is also characteris-
tic of the Common Swift Apus apus (Lack & Lack, 1951), Alpine 
Swift Apus melba, (Lack & Arn, 1947), Starl Sturnus 
vulgaris (Lack, 1948), Great Tit (Kluijver, 1951), 
Ki t tiwake Gull tridacty la: (Coailsop. & Wh;ite 7 ,' J 9P1Y_.!i!l,¢J.:::::. 
Skylark Alaut;,l1':'L arvensis (Delius, 1965)" 
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TABLE 26. Clutch size of individual females 
in 1967-68 and 1968-69 
Clutch Clutch size 1968 
size 
1967 2 3 Total % less % same % more 
I 6 16 23 26.1% 73.9% , 
2 15 126 7 148 10.2% 85.1% 4.7% 
3 2 12 9 23 60.9% 39.1% 
23 154 17 194 14.9% 72.7% 12.4% 
Note. Mean clutch size 1967-68 2.00 + 0.49 -
Mean clutch size 1968-69 1.97 + 0.45 -
t = 0.0196, dofo = 386, p = > 0.9 
Lack (1948) suggested that the consistency indicated a 
genetical difference between individuals but Kluijver (1951) 
believed it resulted from the fact that females living in the 
same area encountered consistent conditions from year to year. 
5.10 Breeding success 
The reproductive success in the four seasons studied is 
summarised in Table 27D There was no significant difference 
in hatching or fledging success between the 1967-68 and 1968-69 
seasons, but that of 1965-66 was significantly smaller o ·This 
was because the main study area was in an atypical nesting 
colony with half being situated on the mainland and half on 
rocks separated from the mainland by a narrow channel of 
water. Consequently, the colony was easily entered by Stoats, 
Mustela erminea, and predation was high. Chick mortality did 
34. 
TABLE 27. Hatching and fledging success 
% Mean 
Eggs Eggs % Young % 
Year nests laid hatched hatched fledged fledged 
fledged no 0 of 
that chicks/ 
hatch nest 
1965 
-66 705 1316 714 54.3 525 73.5 
1967 
-68 864 1623 1037 837 5106 80.7 
1968 
-69 846 1626 988 60.8 817 50.3 82.7 
Note. x2 (1965-66, 1967-68, 1968-69; % fledged) = 45.873, 
d.f. = 2, P = <0.005 
X2 (1965-66, 1967-68, 1968-69; % hatched) = 280794, 
d.fo = 27 P = <0 0 005 
X2 (1967-68, 1968-69; % fledged) = 0.5689, 
dof. = 1, P = 0.5 - 0.75 
not differ seasonally. 
The most common cause of egg mortality is predation by 
Red-billed Gulls and Stoats (in that order). Other potential 
predators include Black-backed Gulls, Larus dominicanus, 
Hedgehogs, Erinaceus europaeus and Harrier Hawks, Circus 
approximans. 
The term "failure to hatch" refers to eggs that remain in 
the nest and do not hatch, including eggs with no sign of 
embryo development and embryos which have died. These are 
grouped because it is difficult to distinguish between infer-
tile eggs and those with embryos which died at an early stage. 
A large part of egg mortality occurred through the loss 
of the entire clutch due to predation and swamping of nests 
(Table 28). Predation usually results in loss of the complete 
TABLE 28. 
Category 
No. of 
of clutch 
Year clutches failing 
1967 
-68 191 whole 
91 partial 
72 uncom-
pleted 
1968 
-69 231 whole 
74 partial 
55 uncom-
pleted 
Fate of part or whole 
clutches of eggs 
% of 
total No. % 
clutches pre- pre- No. 
laid dated dated swamped 
22.1% 88 46.1% 89 
10.5% 18 19. 8% 
8.3% 32 44.4% 40 
27.3% 1 12 48.5% 104 
8.8% 19 25.7% 2 
6.6% 33 60.0% 21 
35. 
% 
swamped 
46.6% 
1. 1% 
55.6% 
45.0% 
2.7% 
38.2% 
clutch. Only 19.8% in 1967-68, and 35.7% in 1968-69 of 
predated nests had only part of the clutch taken. 
When part of the clutch is lost, eggs are not laid to 
make up the deficiency, but if the complete clutch is lost a 
replacement clutch is sometimes laid. 
An analysis of the breeding success of 112 female gulls 
in successive seasons revealed that only 8.9% of the gulls 
failed to raise any chicks to fledging, and 58.9% managed to 
fledge at leas~.one chick in both seasons. 
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FIGURE 12. Seasonal variation in clutch size. 
Regression lines: 
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= 2.28,3 
+ -O.065x; 
+ -O.057x; 
+ -o.o49x. 
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6. FACTORS AFFECTING THE BREEDING BIOLOGY 
This section examines the factors which affect the breed-
ing biology, in particular the clutch size and chick survival o 
Many factors interact but at this stage selected factors are 
treated separately. Post-fledging survival estimates refer 
to the survival from hatching to the 1 April following band-
ing. 
6.1 The influence of laying date 
The date egg laying begins has a profound effect on the 
breeding biologY3 It influences clutch size, fledging 
success and post-fledging survival o This section establishes 
the basic pattern while specific factors affecting the laying 
date will be examined later. 
6.1.(i) Clutch size 
The mean clutch size decreases as the season progresses 
(Figure 12). A regression analysis shows that the mean 
clutch size decreased by 0.06 eggs in 1965-66, 0.05 eggs in 
1967-68 and 0.06 eggs in 1968-69 for each seven day interval 
after egg laying began. 
In each season two egg clutches retained a similar fre-
quency throughout the egg laying period, decreasing only in 
the latter part of the season (Appendix 4). Clutches of 
three, four and five eggs occurred mainl~ in the first half of 
the egg laying period, whereas single egg clutches became 
common as the season progressed. 
Lack (1966) believes that the seasonal decline in clutch 
size is an adaptive response to the availability of food when 
1967-68 (864) 1968-69 (846) 
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FIGURE 13. Changes in hatching success, predation 
rate of eggs and breeding success of Red-
billed Gulls with laying date, compared 
with the distribution of egg layingo 
(0 - 0 - 0 hatching success, • - • - • 
breeding success, 0-- 0 - 0 predation 
rate of eggs)c 
(Kendall Rank Correlation Coefficient 
~ =+0053, P = 0.025 0 0 01 in 1967~68> and 
~ =+0047, P = 0005 - 00025 in 1968-690) 
nestlings are present. Perrins (1965), however, argues that 
there is no evidence that birds can predict the level of prey 
populations, and believes that Great Tits Parus major adjust 
their clutches by other factors such as the appearance of the 
habitat o In the Red-billed Gull it seems more likely that 
the conditions prevailing immediately prior to laying deter-
mine clutch size o These factors will be discussed later. 
6.1.(ii) Breeding success 
There is a marked decline in reproductive success as the 
season progresses (Figure 1J)a 
in egg predation. 
The major cause is increase 
The hatching success in 1967-68 remained relatively 
constant for clutches laid until the 27 November but in 
1968-69, apart from fluctuations in the latter part of the 
season, the proportion hatched declined as the season pro-
gressed. The proportion of chicks fledged paralleled the 
percentage hatched throughout both seasons which suggests 
that the parents are able to find enough food for the young. 
Patterson (1965) has shown a relationship in the Black-
headed Gull Larus ridibundus between the number of gulls lay-
ing at a given period and the subsequent breeding success. 
Predation was the main mortality agent of nestlings and eggs 
at the colony studied by Patterson and he postulated that 
synchronization of laying served an antipredator function by 
concentrating nesting into the shortest possible time, thus 
reducing the total losses over the season. In the Red-billed 
Gull evidence for this relationship is conflicting. If the 
study areas are grouped there is a correlation (Figure 13), 
but if treated separately only six of the twenty areas studied 
since 1965-66 show a positive correlation (Appendix 5). It 
is probably a coincidence that some of the areas show a posi-
Date 
17-2J Oct. 
24-Jo Oct. 
Jl- 6 Nov. 
7-1J Nov. 
14-20 Nov. 
21-27 Nov. 
28- 4 Dec. 
5- 1 1 Dec. 
12-18 Dec. 
19-25 Dec. 
26- 1 Jan. 
2- 8 Jan. 
9- 15 Jan. 
16-22 Jan. 
TABLE 29. Survival of young in relation 
to the date of hatching 
1965-66 season 1967-68 season 1968-69 season 
No. No. ~o. No. No. No. 
banded recovered banded recovered banded recovered 
2 
J 0 2 0 
51 5 ( 9.8%) 26 6 (2J.l%) 17 2 (11.8%) 
185 JJ ( 17 .8,%) lJJ 22 ( 16.5%) 526 6J ( 12.0%) 
160 J2 (20.0%) J45 5J ( 15.4%) J94 J4 ( 8.6%) 
192 10 ( 5.2%) 255 J8 (14.9%) J71 16 ( 4. J%) 
16J 7 ( 4.J%) 102 7 ( 6.9%) 194 7 ( J.6%) 
7J 2 ( 2.7%) 78 6 ( 7.7%) 255 1 1 ( 4.J%) 
47 J ( 6.4%) 101 9 ( 8.9%) 18J 2 ( 1 • 1%) 
19 2 (10.0,%) Jl 0 67 1 ( 1.5%) 
166 19 ( 11 .4%) 157 9 ( 5.7%) 
45 0 
46 0 
15 0 
38. 
tive correlation since the high predation of chicks and eggs 
from clutches laid late in the season happens to coincide 
with small numbers of clutches being laid o The most pro-
bable causes of greater predation late in the season are more 
active searching by predators or a change in the parental 
behaviour which makes eggs easier to obtain (Brown, 1967a). 
These factors will be discussed further later. The colony 
most likely to exhibit a valid correlation was the Sugarloaf 
Colony in 1965-660 Large numbers of chicks and eggs were 
taken by Stoats Mustela erminea and noticeably more chicks 
were fledged from clutches that were laid at the peak laying 
period. Furthermore this colony has a high coefficient 
(~ = +0.65, p = ~ 00005)0 
6c1.(iii) Post-fledging survival 
Table 29 gives the survival rates of young Red-billed 
gulls which were known to be alive at 1 April following band-
ing (2t - 4 months of age)o All chicks were banded less than 
four days after hatching o The majority of recoveries were 
made by sight, using 7 x 30 field glasses o By offering food, 
the gulls can be attracted close enough for band numbers to 
be read. 
In all seasons of study, gulls hatched early have a 
greater chance of survival than those hatched later~ This has 
also been observed in the Great Tit Parus major (Perrins, 1965) 
and the Manx Shearwater Puffinus puffinus (Perrins, 1966)0 
The survival figures for the 1965-66 season are not com-
parable with those obtained for 1967-68 and 1968-69 as no 
attempt was made to recover banded gulls in 1966-67 until the 
1967-68 breeding season. The estimate of survival thus 
refers to gulls recovered after the second year of life. The 
survival rates for the 1967-68 cohort include recoveries made 
TABLE 30. Influence of female age on 
the date of egg laying 
1967-68 1968-69 
No. No. 
females Mean females Mean 
Age of con- laying con- laying 
female sidered date SoD. sidered date SoD. 
2 years 3 20 Nov. 704 
3 years 19 17 Novo 10.4 13 21 Nov. 15.2 
4 years 25 1 1 Nov. 14.7 30 19 Nov& 1502 
5 years 42 8 Nov~ 15.3 24 4 Nov. 1803 
6 years 33 2 Nov. 1308 49 7 Nov. 16.0 
7 years 54 31 Octo 1404 42 5 Nov. 16.4 
8 years 32 30 Oct, 10.3 44 31 Oct. 17.0 
9 years 6 7 Nov. 1 1 .0 31 31 Oct. 16.0 
10 years 5 27 Oct. 5.3 
Note. 
t(2-3 yrs)(1967-68) = 004746, dofo = 20, p = > 0 0 50 
t(3~4 yrs)(1967-68) = 1 04902, dof. = 42, p = Oo2~Oo 1 
( 1968 69) = 003961, d.f. = 41 , P = > 0,,5 
t(3-5 yrs)(1967~68) = 203269, dof. = 59, p = 0.025-0.010 
(1968-69) = 208694, dof. = 35, p = 0.01-0 0005 
t(5-8 yrs)(1967-68) = 205572, d"f. = 72, p = 0.025 00010 
(1968-69) = 009044, dof. = 66, p = 0050-0.40 
t(6-8 yrs)( 1967-68) = 1.7111, dof. = 63, p = 0010-0005 
(1968-69) = 2 00498, dofo = 91 , P = 0.05-0 0 025 
t(4-5 yrs)(1967-68) = 007897, dof" = 65, p = 0050-0040 
(1968-69) = 3.,2892, dofo = 52, P = 00005-0.001 
39. 
in 1968 and 1969, but those for 1968-69 are based on reco-
veries made only in 1969. 
6.2 The influence of female age 
6e2.(i) Date of laying 
The effects of female age on the time of egg laying is 
shown in Table 30~ Female gulls tend to lay earlier with 
increasing age. In both seasons there is no statistical 
difference in the mean laying dates of two and three year old 
females, or between th~ee and four year olds, but the differ-
ences are significant between three and five year old females. 
It is probable that many of the three and four year old 
females are breeding for the first time. The data for 
1967-68 show that five and six year old females laid signi-
ficantly later than did eiglit year aIds, while in 1968-69 
five year old females laid significantly earlier than four 
year olds, and eight year old females laid significantly 
earlier than six year olds. 
The differences in the mean laying dates between the age 
classes are large. In other species where a difference in 
laying date has been shown between old and young birds the 
difference is usually only a few days, e.g. Starling Sturnus 
vulgaris (Kluijver, 1933), Song Sparrow Melospiza melodia 
(Nice, 1937), Cormorant Phalacrocorax carbo (Kortlandt, 1942), 
Common Tern Sterna hirundo (Austin, 1945), Great Tit Parus 
major (Kluijver, 1951; Perrins, 1965), Kittiwake Gull Rissa 
tridactyla (Coulson & White, 1956, 1960), Storm Petrel 
Hydrobates pelagicus (Davis, 1957), Blackbird Turdus merula 
(Snow, 1958) and the Pied Flycatcher Ficedula hypoleuca 
(v Haartman, 1967). 
Date or 
laying 
J- 9 Oct. 
10-16 
17-23 
24-30 
J1- 6 Nov. 
7-13 
14-20 
21-27 
28- 4 Dec. 
5-11 
12-18 
19-25 
26- 1 Jan. 
TABLE 32. The clutch size or young (2 - 4 years) 
and old (6 - 10 years) females according 
to the date of laying 
Young Females Old Females 
Dirrerence 
No. or Mean No. or Mean of means 
clutches clutch S.D. clutches clutch S.D. (p) 
2.00 2.00 
2J 1 .91 0.42 
58 2.03 0.42 
10 1.70 0.48 7J 1.95 0.44 0.1 
8 1.63 0.74 53 1.96 0.34 0.05-0.025 
14 1.64 0.50 27 1 .93 0.47 0.20-0.10 
5 1.80 0.45 18 2.06 0.54 0.40-0.20 
15 1.53 0.52 9 1.78 0.67 0.40-0.20 
15 1. 53 0.52 10 1.90 0.32 0.05 
6 1.33 0.52 7 1. 71 0.49 0.20 
5 1.80 0.45 
3 1.33 2 1.00 
1.00 
40" 
6.2o{ii) Clutch size 
The clutch sizes of females of known age in all years 
of study are shown in Table 31~ Statistically there is no 
difference between the mean clutches of two and three year 
old females or between three and four year old females, but 
the differences are highly significant between three and five 
year olds and also between four and five year olds. There 
TABLE 31<> Influence of age on clutch size 
Age of No" in Clutch size Mean Percent composition 
female sample 1 2 3 4 clutch S.D. 1 2 3 4 
2 years 9 6 3 1 .33 0,,50 66,,7% 33,,3% 
3 years 64 23 38 3 1 .. 69 0.56 35.9% 59.4% 4.7% 
4 years 92 26 63 2 1076 0.,54 28.3% 68,,5% 2.2% 1 c 1 % 
5 years 106 10 84 10 2 2,,09 0.52 9 .. 4% 79.,3% 9.4% 1 .. 9% 
6 years 122 14 99 8 1 1,,98 0.46 11.5% 81.1% 6.6% 0.8% 
7 years 104 10 83 10 1 2,,08 0,,48 9,,6% 79,,8% 9,,6% 1.9% 
8 years 75 1 1 60 4 10 93 0,,44 1407% 80,,0% 5.,3% 
9 years 37 2 33 2 2,,00 0,,33 504% 89.2% 504% 
10 years 5 3 2 1" 40 0.54 60.0% 40.,0% 
t{2 
- 3 years} = 1.8280, d .. f. = 71 , P = 0.1 - 0,,5 
t{3 
-
4 years) = 0.7844, d.f. = 154, p = 0.4 
t{3 - 5 years) = 4.0637, dof" = 168, P = < 0.001 
t{4 
- 5 years} = 3.8280, d.f" = 196, p = < 0.001 
t{5 - 9 years) = 0 .. 7987, d.f. = 141 , P = 0.4 
is no significant increase in clutch size with further increase 
in age after the fifth year. It has been demonstrated for a 
TABLE 33. Breeding success of known age females 
Age of female (years) 
2 3 4 5 6 7 8 9 10 
No. clutches 6 45 76 86 90 78 64 31 4 
No. eggs 8 72 129 170 175 161 121 62 6 
No. hatched 6 49 82 110 131 110 93 33 5 
% hatched 75.0% 68.1% 63.6% 64.7% 74.9% 68.3% 76.9% 53.2% 83.3% 
No. fledged 3 39 65 100 102 80 78 25 5 
% fledged 37.5% 54 •2% 50.4% 58.8% 58.3% 49.7% 64.5% 40.3% 83.3% 
% fledged 
that hatch 50.0% 79.6% 79.3% 90.9'1> 77 .9% 72.7% 83.9% 75.8% 100.0% 
No. fledged 
per pair 0.50 0.87 0.86 1 • 16 1.13 1.03 1 .22 0.81 1.25 
Note. .j?- (all age groups, % hatched) • 17.462, d.f. • 8, p • 0.025 
.j?- (all age groups. % fledged) • 17 .689, d.i'. • 8, p • 0.025 
number of b~rd spec~es, that young females lay smaller 
clutches than older b~rds, e.g. several spec~es l~sted by 
Lack (1947), Yellow-eyed Pengu~n Megadyptes ant~podes (R~ch­
dale, 1949), Great T~t (Klu~jver, 1951; Perr~ns, 1965), and 
the Kitt~wake Gull (Coulson & Wh~te, 1961). 
The percentage occurrence of s~ngle egg clutches is 
highest ~n two year old females, and tends to decrease w~th 
age. The proport~ons of two egg clutches la~d rema~ned 
relat~vely constant for gulls over four years of age. Three 
and four egg clutches were not la~d by two year old females. 
In Table 32 the data for the 1967-68 and 1968-69 seasons 
are comb~ned to show the relat~onsh~p between the date of egg 
lay~ng and the clutch s~ze of young (2 - 4 years) and old 
females (6 - 10 years)~ There ~s a tendency for young 
females to lay smaller clutches than older females lay~ng. at 
the same time. The d~fferences are stat~stically s~gnif~­
cant in two of the weeks (31 October - 6 November and 
28 November - 4 December)~ 
602.(i~~) Breed~ng success 
The ~nfluence of the female's age on breed~ng success in 
all years of study ~s shown ~n Table 33. The hatch~ng and 
fledg~ng success of d~fferent aged b~rds shows a sign~ficant 
deviat~on from independence, but there is no marked tendency 
for ~ncreasing hatching or fledg~ng success with an increase 
in age. There is, however, a progressive increase in the 
number of chicks fledged per pa~r up to the f~fth year, due 
to older gulls laying larger clutches and therefore ra~s~ng 
more ch~cks per pa~r. 
Table 34 shows the egg losses by predat~on of known aged 
gulls e The age of the male, but not the female, is closely 
correlated w~th the number of eggs lost by predat~on. Th~s 
Age of 
female 
2 years 
3 years 
4 years 
5 years 
6 years 
7 years 
8 years 
9 years 
10 years 
Note. 
Age of 
male 
2 years 
3 years 
4 years 
5 years 
6 years 
7 years 
8 years 
9 years 
10 years 
Note. 
TABLE 340 
No. 
of 
nests 
6 
45 
76 
86 
90 
78 
64 
31 
4 
Predation rate on clutches of 
known aged gulls 
(a) FEMALES 
No~ 
of Eggs Per cent 
eggs predated predated 
8 12~5% 
72 13 18. 1% 
129 35 2701% 
170 35 20.6% 
175 27 1504% 
161 24 14.9% 
121 13 8.1% 
62 14 22.6% 
6 0 o % 
Kendall rank correlation + 0.0278, p = 0 0 10 
(b) MALES 
Noo No. 
of of Eggs Per cent 
nests eggs predated predated 
38 60 13 2107% 
106 189 56 2906% 
86 167 33 19.8% 
127 247 32 1300% 
134 270 34 12.6% 
104 215 32 1409% 
79 164 18 11 .0% 
52 100 5 5.0% 
8 16 2 1205% 
Kendall rank correlation + 007222, p = 00005 
TABLE )5. Breeding success 0(' different aged females 
according to the date of egg laying 
2 
-
4 year females 5 - 10 year females 
No. fledged No. fledged 
No. \0. No. % per No. No. No. % per 
Date nests eggs fledged fledged pair nests eggs fledged fledged pair 
)- 9 Oct. 2 2 wo.~} 2 0 0.'] 10-16 19 )B 18 47.4 
17-2) 2 50.0 5B.5% 52 105 68 64.8 54.0% 
24-)0 9 16 11 6B.B 1.0 fle~ged/ 60 117 64 54.7 1.08 
)1- 6 Nov. 1 ) 21 10 47.6 pa1r 4) B8 )9 44.) fledged/pair 
7-1) 1) 21 9 42.9 19 )6 20 55.6 
14-20 ) 6 2 )).) 16 )2 12 J7 .5 
21-27 1 ) 18 61.1 9 16 9 56.) 
28- 4 Dec. 14 21 2 9.5 )6.0% 7 1) 2 15.4 45.0% 
5-11 ) 4 ) 75.0 0.75 ) 6 2 )).) 0.85 
12-18 2 0 0.0 fledged/pair ) 6 4 66.7 fledged/pair 
19-25 2 ) 0 0.0 0 0.0 
26- 1 Jan. 100.0 
Total 7) 116 51 44.0 0.70 2)4 461 2)9 5 1.8 1.02 
Note. X2 (% fledged, ) Oct. 
-
6 Nov. ) • 0.)045. d.f. 
· 
1, P • 0.75 
-
0.5 
X2 (% fledged, 7 Nov. - Jan. ) 
· 
1.5089, d.f. 
· 
1, P • 0.25 
-
0.10 
X2 (% fledged, 2 - 4, 5 - 10) 
· 
1.9856. d.f. 
· 
I, P • 0.25 - 0.10 
42 .. 
is because nest sites are selected by the males and normallY 
the older males obtain the most secure territories, the 
younger taking up more vulnerable nest territories later in 
the season. 
The effects of the female'S age and the date of egg lay-
ing on the breeding success are shown in Table 35~ There is 
no signi~icant di~~erence in the breeding success between 
young and old ~emales commencing laying at the same time_ 
Young and old females are equally success~ul at raising eggs 
to fledged young at the same time in the breeding season: 
the lower overall breeding success of the 2 - 4 year cohort 
is because more of them commence breeding after the median 
laying date (67.1% for 2 - 4 year olds, c.f Q 25.2% for the 
gulls 5 - 10 years) at a time when a lower breeding success 
is general. 
Table 36 shows the in~luence o~ age on fertility among 
482 ~emales of known age~ "In~ertile eggs" include eggs 
TABLE 36. Influence of age on fertility 
Age o~ ~emale (years) 
2 3 4 5 6 7 8 9 10 
No. clutches 6 44 76 88 91 78 64 31 4 
No. eggs 8 71 129 175 178 161 121 62 6 
No. "infertile" 1 2 4 7 3 8 3 
%"in~ertilell 12.5% 2.8% 3el% 4 Q o% 107% 5<>0% 2.5% 0.0% 16.7% 
un~ertilized and eggs which contain dead embryos. The data 
show there is no apparent relation between fertility and age. 
However there are indications that the situation might be 
TABLE J7. Post-fledg~ng survival of young 
Red-b~lled Gulls from female 
parents of known age 
1965-66 1967-68 1968-69 Total 
No. No. No. No. 
Female chicks Chicks chicks Chicks chicks Chicks chicks Chicks 
parent banded recovered banded I'ecovered banded recovered banded recovered 
2 years 4 1 (25.0%) 5 o ( 0% 9 1 (11.0%) 
) years 28 1 ( ).6%) 16 o ( 0% 7 o ( 0% 51 1 ( 2.0%) 
4 years JJ 1 ( 3.0%) 22 5 (22.7%) 14 1 ( 7.1%) 69 7 (10.1%) 
5 years 46 ) ( 6.5%) 30 4 (13.}%) 24 1 ( 4.2%) 100 8 ( 8.0%) 
6 years 42 1 ( 2.4%) 25 4 ( 16.0%) 51 1 ( 2.0%) 118 6 ( 5.1% ) 
7 years 9 1 (11.1%) )8 4 ( 1005'%) 46 1 ( 2.2%) 93 6 ( 6.5%) 
8 years )6 10 (27.8%) 42 o ( 0% ) 78 10 (12.8%) 
9 years 4 1 (25.0%) 25 1 ( 4.0%) 29 2 ( 6.9%) 
10 years 4 1 (25.0%) 4 1 (25.0%) 
43. 
found to be different for 2 year olds and 10 year olds. 
6.2.(iv) Post-fledging survival 
In Table 37 the survival of young gulls is examined in 
relation to the age of the female parento Each recovery 
refers to a gull known to survive after 1 April following 
banding. Taking into consideration recoveries from all 
years of study, chicks from 2 - 3 year old females had a 
lower survival rate (3.3%) than did chicks from older females 
(8.1%) but the differences are not significant (p = 0.25 -
0.10). 
Moreover, the chicks from the 4 - 10 year old females 
show a marked variation in survival according to the date of 
hatching (Figure 14). The chance of survival decreases the 
later in the season the chick hatches. There are insuffi-
cient recoveries of chicks of 2 - 3 year old females ~o assess 
the survival figures according to the date of hatching. In 
the Great Tit Parus major, Perrins (1970) has similarly shown 
that survival of young of females of any age diminishes the 
later the young are hatched. Therefore, the later a bird 
breeds the less likely it is to produce surviving young, 
irrespective of the age of the parento 
6.3 The influence of male age 
6.3.(i) Courtship feeding 
Prior to egg laying and in the early part of the incuba-
tion period the male plays a significant role in feeding the 
female (Plate 2)~ Tasker (1970) has shown that the number 
o 
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Date of hatching 
FIGURE 14c Post-fledging survival of young Red-billed 
Gulls from females 5 10 years of age in 
relation to the date of hatchingc Recoveries 
were made after 1 April (2t- 4 months follow-
ing banding) 0 Solid circles represent more 
than five recoveries and open circles are 
based on fewer than five c 
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DAYS (first egg laid on day 0) (from Tasker,1970) 
FIGURE 15. Changes in the average frequency of "courtship 
feedin~'during the breeding season ( 0 
represents five day averages). 
PLATE 2 . " o u rt s i p f ed lng 1 0 t-1a le (f re g round) 
re g r gl tat ing f ood f or t he female. The 
foo con_ists maln l y o f plankton~ c eupha u -
Sllds y ctiphan 
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of "courtship feeds" per pair per hour increases in frequency 
about 20 days before egg laying, and a peak exists for about 
10 days immediately prior to laying (Figure 15). At the 
peak of "courtship feeding" the male feeds the female about 
once every four hours (Tasker, 1970). Thus, throughout the 
day, the female receives approximately four feeds from the 
male plus whatever food she is able to obtain for herself D 
Brown (1967b) believes that courtship feeding, as well as be-
ing an essential prelude to successful copulation, has the 
additional practical advantage of providing the female with 
extra food at a time when she probably needs it. Similarly, 
Royama (1966) working with the Great Tit Parus major and the 
Blue Tit f. caeruleus, has emphasized the importance of the 
food received in "courtship feeds", and this has been con-
firmed by recent work by Krebs (1970) for the Blue Tit. 
In the Red-billed Gull the importance of "courtship 
feeding" can be judged from the knowledge that in the twelve 
days prior to the laying of the first egg the female spends 
approximately 85% of her time at the nest territory, whereas 
males are present only 42% of the time (Table 17)0 
The food required to form eggs is considerable and much 
of this has to be collected within a short space of time 
(Perr~ns, 1970)b Brown (1967b) has shown that the accele-
rated growth phase of the ovary ~tarts about 10 days before 
laying in the Lesser Black-backed Gull Larus fuscus, and this 
coincides with the peak in "courtship feeding". 
As the male plays a significant role in food collection· 
for the female during the period when extra food is required, 
the selection of a young or inexperienced male, which is 
perhaps not proficient at obtaining food, may influence the 
reproductive biology considerably. 
30 4-10 year males 0 2-3 year males 
• "CI (I> 
.. 
(I> 
i$ 20 ~ 
(I> • • 
0 
C) 
10 0 I'CI • 0 i 0 0 0 ~ 0 tf 0 
i i , I i i 
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FIGURE 16. Post-fledging survival of young Red-billed 
Gulls to 1 April following banding (2t - 4 
months after banding) in relation to the 
date of hatching and age of male. Solid 
circles represent more than five recoveries 
and open circles are based on fewer than five. 
TABLE 38 0 
Age of 
male 
+ 5 years 
4 years 
3 years 
2 years 
Note o 
Laying dates of females five years 
of age and older breeding with 
different aged males 
No o Mean laying 
nests date SoDo 
100 28.5 Octo 160 1 
18 907 Novo 1909 
14 1009 Novo 19.2 
2 28.0 Novo 
t(+ 5 ~ 3 years) = 2 0 8422, dof. = 112, P = 0 0 01 - 0 0 001 
t(+ 5 - 4 years) = 2.8682, dof. = 116, p = 0 0 01 - 0 0 001 
TABLE 390 
Age of 
male 
+ 5 years 
4 years 
3 years 
2 years 
Note o 
t(+ 5 - 3 years) = 
t(+ 5 - 4 years) = 
t{+ 5 - 2 years) = 
Laying dates of females two - four 
years of age breeding with different 
aged males 
No o Mean laying 
nests date SoDo 
7 31 0 1 Octo 12.08 
8 1305 Novo 1802 
13 2506 Novo 1 1 06 
10 17.2 Novo 8.6 
405402, dof. = 18, p = ,~ 00001 
1 06261, dofa = 13, p = 0 02 ~ O. 1 
303 170, dofo = 15, p = 0.01 - 0 0001 
Date of laying 
Tables 38 and 39 show the effects of the age of the male 
in relation to that of the female on the time of laying. In 
general, females of both age cohorts (2 - 4 and 5 - 10 years) 
bred earlier in the season with increasing age of the male 
partner. In addition, 2 - 4 year old females breeding with 
males over five years of age, laid significantly earlier than 
females over five years of age breeding with three year old 
males. 
Clutch size 
The effects of the age of the male on clutch size is 
shown in Tables 40 and 410 There is a progressive increase 
in mean clutch size with an increase in the age of the male 
partner. The difference in mean clutch size of females five 
years and older breeding with males over five years, and with 
three year old males, is highly significant. Simi.larly, the 
clutch sizes of females two to four years of age breeding 
with males over five years of age, are statistically larger 
than clutch sizes laid by these females when they breed with 
males only three years of age. 
6.3.(iv) Post-fledging survival 
Table 42 shows that the older males (4 - 10 years) pro-
duce more young surviving after 1 April following banding 
than two and three year old males. As was also found for 
females, the survival rate varies according to the date of 
hatching for gulls of the same age cohort (Figure 16). 
TABLE 40. Clutch size or remales rive years 
or age and older breeding with 
difrerent aged males 
Age of No. Clutch size Percentage composition 
male males 2 
+ 5 years 99 7 82 
4 years 17 2 15 
3 years 111 6 8 
2 years 2 
t (+ 5 years - 4 years) 
t (+ 5 years - 3 years) 
TABLE Ill. 
3 4 Mean S.D. 2 
9 2.04 0.45 7.1% 82.8% 
1.88 0.33 11.8% 88,2% 
1.57 0.51 42.9% 57.1% 
1.50 0.71 50.0% 50.0% 
1.3965, d.r. 114, p = 0.2 - 0.1 
4.7625, d.f. Ill, p 0.001 
Clutch size of females 2 - 4 years 
of' age breeding with difrerent 
aged males 
3 4 
9.1% 1.0% 
Age or No. Clutch size Percentage composition 
male males 2 3 4 Mean S.D. 2 3 4 
+ :1 years 7 6 1.86 0.38 14.3% 85.7% 
" 
years 8 3 5 1.63 0.52 37.5% 62.5% 
'J years 13 5 8 1.62 0.51 38.5% 61.5% 
:1 years 10 6 I, 1.40 0.52 60.0% 40.0% 
t ( + ') years 
- 3 years) 1.0822, d.f. 18, p 0.3 
l (+ :1 years - 2 years) 1.9758, d • f' • 15. p 0.1 - 0.05 
TABLE 42. Post-fledging survival of young 
Red-billed Gulls from male 
parents of known age 
1965-66 1967-68 1968-69 Total 
No. No. No. No. 
Male chicks Chicks chicks Chicks chicks Chicks chicks Chicks 
parent banded recovered banded recovered banded recovered banded recovered 
2 years I I I ( 9.1%) 22 2 ( 9.1%) 2 0 35 3 ( 8.6%) 
3 years 43 4 ( 9.3%) 26 2 ( 7.7%) 32 1 ( 3.1% ) 101 7 ( 6.9%) 
4 years 33 4 (12.1%) 39 9 (23. 1%) 36 J ( 8.3%) 108 16 (14.8%) 
5 years 66 9 (IJ.6%) JJ 7 (21.2%) 45 2 ( 4.4%) 144 18 (12.5%) 
6 years 59 9 (15.3%) 40 6 ( 15.0%) 69 2 ( 2.9%) 168 17 (10.1%) 
7 years 24 4 ( 16.7%) 52 5 ( 9.7%) 61 2 ( J.3%) 1 J7 11 ( 8.0%) 
8 years 44 5 (11.4%) 74 4 ( 5.4%) 118 9 ( 7.6%) 
9 years 4 1 (25.0%) 80 7 ( 8.8%) 84 8 ( 9.5%) 
10 years 13 0 lJ 0 
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6.4e(i) Breeding condition 
Table 43 shows the influence of change or retention of 
a mate on male weights at the start of the incubation period. 
Female weights have not been considered because these were 
recorded at various stages during the completion of the 
clutch. Females which have completed egg laying weigh 
considerably less than those weighed when the clutch is par-
tially completed. 
variations" 
TABLE 430 
Status of 
male 
Retained mate 
Changed mate 
Note. 
Male weights are not subject to such 
Influence of change or retention 
of mates on the weight of males 
at incubation 
Mean 
No c weight 
males (grams) 
88 30906 
24 30209 
SoD. 
22.3 
14.7 
Males which retain mates tend to be heavier early in the 
incubation period than those males which change, but the 
differences are not significant. This phenomenon requires 
further examination. If the differences are real, the 
better condition of males retaining mates is probably because 
TAAU; 44. Inrluence or change and retention 
of' the pair bond on the date or 
egg laying 
(a) FEMALES 
Pair bond retained Pair bond changed 
1968 Mean Mean 
age of No. laying No. laying 
female females date S.D. females date S.D. 
2 years 
) years 
4 years 2 12.0 Nov. 9.0 
5 years 5 27.6 Oct. 12.7 ) 1.) Nov. 11.4 
6 years 9 29.6 Oct. 7.9 5 7.0 Nov. 11.5 
7 years 12 2.6 Nov. 16.) 2 9.5 Nov. 11.5 
8 years 1) 24.1 Oct. 8.6 ) 29.) Nov. 22.1 
9 years 12 )0.7 Oct. 16.6 ) 'l.O Nov. 12.0 
10 years 1.0 Nov. 18.0 Nov. 
Unknown 68 26.7 Oct. 12.5 7 5.6 Nov. 10.2 
Total 122 28.1 Oct. 1 ).1 24 7.5 Nov. 15.8 
Note. t(changing 
-
retaining mates .. ).4)95, d.f. . 144, 
p . <0.001 
(b) MALES 
Pair bond retained Pair bond changed 
1968 Mean Mean 
age of No. laying No. laying 
female males date S.D. males date S.D. 
2 years 
) years 5 18.4 Nov. 6.) 8 8.0 Nov. 15.0 
4 years 9 ).8 Nov. 14.8 ) 20.0 Nov. 12.) 
5 years 12 2).0 Oct. 6.5 ) 4.) Nov. 17 .0 
6 years 12 28.2 Oct. 16.9 2 1.5 Nov. 1.5 
7 years 14 27.2 Oct. 1).1 
8 years 18 2).5 Oct. 7.6 7.0 Nov. 
9 years 21 21.6 Oct. 7.7 2 19.5 Nov. 1.5 
lU years 2 )1.0 Oct. 1.0 
Unknown 29 1.1 Nov. 1).5 8 )1.7 Oct. 10.) 
Total 122 28.1 Oct. 1 ).1 27 4.8 Nov. 14.2 
l\:ote. t(changing - retaining mates ... 2.7284, d.r. 147, 
p .. 0.01-0.005 
they are able to spend more time feeding than would be 
possible if they had to defend a territory and attract a 
mate. This contention is supported by recoveries of colour 
marked gulls away from Kaikoura in the pre-breeding period. 
In August and September, at Wellington and Lyttelton Har-
bours, colour marked gulls have been observed which were 
known to have bred together in the previous breeding season. 
This contrasts with the situation in winter when loose pair 
bonds are not held o Some pair bonds are re-established 
early in August on the return of the birds to Kaikoura, and 
the pairs travel up and down the coast searching for plankton 
swarms where competition is less. 
able to do this 4 
6.4.(ii) Date of laying 
Unpaired gulls are not 
Females which retained mates from the previous breeding 
season bred on average 10 Q 4 days earlier than those which 
changed mates (Table 44). Similarly, when males changed 
mates the mean laying date of the new mate was 7.7 days 
later than if they retained mates. The effects of the reten-
tion of breeding partners are similar in the Kittiwake Gull 
Rissa tridactyla (Coulson, 1966). Coulson has said - and 
this study also shows - that there is considerable variation 
in laying dates among birds changing mates, but the variabi-
lity is greatest among birds changing mates. The retention 
of a mate, Coulson believes, brings about a greater unifor-
mity in the breeding time o Although this may be considered 
generally true for the Red-billed Gull, 50% of the gulls 
changing mates bred earlier than they did the previous season, 
so although there is an advantage in retaining the pair bond, 
sometimes there is an advantage in breaking ito Coulson has 
been able to show that gulls retaining mates lay progressively 
48. 
earl~er w~th ~ncreased breed~ng exper~ence. In the Red-
b~lled Gull, samples of the age classes reta~n~ng males, 
espec~ally younger birds, are too small to examine the trend 
noted by Coulson. 
6.4.(i~~) Clutch s~ze 
Females which retain the pa~r-bond lay 0.27 eggs per 
clutch more than those wh~ch change mates (p =0.01 - 0.05) 
(Table 45). Th~s ~s a drop of 13.4% in reproduct~ve poten-
t~al when females changed mates o S~milarly, new partners 
Reta~ned 
Changed 
Note. 
TABLE 45. 
pair bond 
pa~r bond 
The influence of change or 
retent~on of the pair bond 
on the clutch s~ze 
No. No. Mean 
clutches eggs clutch 
cons~dered laid s~ze 
121 244 2.02 
24 42 1.75 
t = 2.6537, d.f. = 143, p = 0 0 01 - 0.005 
S.D. 
0.46 
0.43 
of males changing mates la~d significantly smaller clutches 
than partners of males retaining mates (Table 46). Coulson 
(1966) has shown an average difference of 0.15 of an egg, in 
addition he found that there is a progressive ~ncrease in 
the average clutch size with increased breed~ng experience 
both in birds which changed mates and in birds that retained 
the mate from the previous season. 
TABLE 46. Clutch size of new partners of males 
changing mates compared with the, 
clutch size of gulls retaining mates 
No. No. Mean 
clutches eggs clutch 
considered laid size S.D. 
Retained pair bond 121 244 2.02 0.46 
Changed pair bond 27 48 1,,78 0.42 
Note. t = 2,,4879, d.f. = 146, p = 0,,025 - 0.010 
6.4.(iv) Size of egg!. 
Table 47 summarises the length, width and volume of eggs 
laid by females changing and retaining mates. The volume of 
eggs was computed from the equation,volume = 0.4825 x length 
2 
x breadth. The value of the constant was determined empi-
rically by the water displacement using 12 eggs" 
The constant obtained is similar to values obtained by 
other workers. Barth (1953) quotes figures between 0.445 
and 0.519 from various authors, Coulson (1963) obtained a 
constant of 0.4866 for the egg of the Kittiwake Gull Rissa 
tridactyla and Stonehouse (1963) derived values from 0.399 to 
0.405 for a number of species, the mean value for all species 
being 0.404. 
Among females retaining mates, the length and volume of 
eggs are significantly larger than for females changing mates. 
TABLE 470 
Pair bond 
No. No. 
females eggs 
Width 
of egg 42 82 
Length 
of egg 42 82 
Volume 
of egg 42 82 
Influence of retention and change 
of mate on egg size 
retained Pair bond changed 
No. No o 
Mean S.D. females eggs Mean 
37.97 1 .66 1 1 20 37.74 
52,,86 1.97 1 1 20 52,,29 
36.87 4 0 01 1 1 20 35 .. 97 
604.(v) Breeding success 
50. 
S.D. 
0.67 
1.46 
1 .98 
No significant difference in breeding success waS found 
between females changing or retaining mates (Table 48). 
This aspect, however, requires further study since Coulson 
(1966) has shown significant changes in the proportion of 
eggs producing fledged young between birds which have changed 
or retained their mates o Kittiwake Gul~ changing mates were 
on average 13% less successful t~an those which retained 
them; the lower breeding success was entirely caused by a 
failure to hatch the eggs. 
TABLE 48" Breeding success of females retaining 
and changing the pair bond 
Retained mate Changed mate 
Number females 78 16 
Number eggs laid 160 27 
Number hatched 93 (58 .. 1%) 15 (55.6%) 
Number chicks fledged 72 (45. 0%) 13 (48.1%) 
Number fledged/pair 0,,92 0.81 
Note. x2 (% hatched) = 0 .. 1073, d.f .. = 1 , P = 0 0 75 
x2 (% fledged) = 0 0 0923, d.f. = 1 , P = 0 .. 90 
6.5 Influence of clutch size and brood size 
6.5Q(i) Breeding success 
51 • 
Table 49 shows that hatching success is greater in two 
and three egg clutches than in single egg clutches .. Similar 
Clutch 
size 
1 
2 
3 
4 
TABLE 49. 
No. eggs 
laid 
174 
Influence of clutch size 
on breeding success 
No. eggs No. eggs 
predated hatched 
45 (25.9%) 111 (63.8%) 
No. chicks 
fledged 
91 (52.3%) 
1734 278 (16.0%) 1222 (70.5%) 1014 (58.5%) 
282 38 ( 13.5%) 203 (72.0%) 157 (55.7%) 
16 0 1 1 (68.8%) 7 (43.8%) 
TABLE 50. Survival or young Red-billed Gulls 
il\ relation to the date oC hatching 
and brood size 
(a) Gil icks banded 1965-66 
1 Chick broods 
Date of No. No. 
l'ccovered tIa tchine banded 
2q-JO Oct. 
)1- 6 Nov. 5 1 (20.0;.) 
I ( 7.1%) 
4 (5/.1%) 
I ( H. J;') 
J (JO.o;.) 
o 
7- tJ Nov. 1'. 
1~-20 Nov. 7 
~1-~7 NoV. 1~ 
2H- 4 Bee. 10 
5-11 Dec. 9 
12-18 Dec. M I (12.5%) 
o 4 
Totul 
(b) Chicks banded 1967-68 
Date of 
hatching 
)1- 6 Nov. 
7-1) Nov. 
1/1 .. 20 Nov. 
21-27 Nov. 
2H- I. Dec. 
5- 11 D~c. 
1~-lH JJcl;. 
19-::!50(H:. 
26- 1 Jun. 
Total 
t Chick broods 
No. No. 
bandt:d recovered 
'; 0 
J (7).0;.) 
21 I, (19.0,;) 
)1 J ( 9.7%) 
16 0 
H 1 (12. ')%) 
.,', 0 
7 o 
(e) Chicks t"'tlded 1968-69 
, Chick br'oods 
2 Chick broods 
No. No. 
banded recovered 
)6 (11.1~) 
120 25 (20.8;') 
58 14 (24.1;') 
1:10 1:1 (10.0;.) 
56 4 ( 7.1'1» 
40 1 ( 2.5%) 
25 2 ( 8.0;.) 
15 2 (1).3'1» 
4)2 60 (1).9;') 
2 Chick broods 
No. No .. 
banded recovered 
)1 6 (19. 11%) 
!l2 11 (1).4'1» 
176 :n (18.8'1» 
177 )1, (19.2'1» 
58 ( 8.6;') 
II) 5(11.6;') 
67 H(II.9;') 
III 
9 
661 10'j (15.9;') 
:2 Chick broods 
J Chick broods 
No. 
banded 
J 
II 
10 
9 
9 
70 
No. 
recovered 
o 
J (10.7'1» 
6 (54.s;') 
1 (10.0;.) 
o 
o 
10 (14.)%) 
J Chick broods 
No. 
banded 
21 
29 
26 
11 
9 
12 
No. 
recovered 
o 
8 (J8.1%) 
8 (27.6%) 
( ).81» 
I ( 9.1;') 
o 
1 ( 8. )'1» 
109 19 (17.4;') 
J Chick broods 
D.tic 01' 
hatching 
~o. No. No. No. No. No. 
17-2'J Oct. 
2/'-)0 Oct. 
]1- 6 Nov. 
7-1) ~ov. 
~1-:.!7 Nov. 
2H- !, Dec. 
'j- I I Ih:c. 
1'::':- Il'i Dcc. 
19-2) Dec. 
:.:.06- 1 ,lUll" 
~I () I ;t I 
banded rf;lcQv('n!d banded recovered banded ('ecovered 
III 
6 
9 (I J • ]i-) 
7 (17. )~) 
- ( J.5'M 
I ( 2.yM 
" ( 6. I~) 
" 
I) 
<) 
o 
o 
o 
!102 1,1 (10.2%) 
:276 2') ( 11.);') 
2)2 12 ( 11.8%) 
122 6 ( 1,.9") 
19" <} ( 1,.6%) 
139 <, ( 1. 1,%) 
J 1 1 ( ).2%) 
I 1 ') !< ( 6.7%) 
o 
o 
o 
67 
51 
39 
21 
6 
9 
5 
12 
J 
o 
Il (11.9%) 
I, ( 7. H;') 
2 ( 5.1%) 
o 
o 
o 
o 
I ( 1:1. );,) 
() 
21,) I') ( 6.0%) 
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results have been obtained for Herring Gulls Larus argentatus 
(Paynter, 1949; Harris, 1964b; and Brown, 1967a). 
Brown (1967a) considers that small clutches present 
inadequate stimuli to incubating Herring Gulls and Lesser 
Black-backed Gulls Larus fuscus since they perform more sett-
ling movements when incubating clutches of one than clutches 
of three. Beer (1961) has also found a lower incubation 
drive in Black-headed Gulls Larus ridibundus incubating single 
egg clutches. Brown (1967a) considers that because single 
egg clutches present inadequate stimuli to the incubating 
bird, there is the possibility that embryos will die because 
they become chilled, or are eaten because the parents leave 
the egg unguarded. 
The brood size of three was the largest the adults could 
normally feed. Artificially raised four chick broods had a 
slower mean growth rate than smaller broods, and were 
obviously beyond the capability of parents (Figure 17). 
This is in accordance with Lack's (1954) argument that natural 
selection operates in favour of optimum brood sizes, since 
larger than optimum clutches produce fewer surviving offspring. 
Asynchronous hatching is a means of adjusting the brood 
size to an unpredictable food supply (Lack, 1954). In general 
younger members of a brood receive food when the older chicks 
are satisfied (Snow, 1955; Ward, 196.':"ti). The Red-billed Gull 
chick hatched last often lags behind in growth rate and when 
the food supply is limited the chick loses weight and dies. 
If parents obtain plenty of food the youngest ch~ck m~intains 
a similar growth rate to that of older chicks~ 
6.5.(ii) Post-fledging survival 
The survival rate of young Red-billed Gulls in relation 
to brood size is shown in Table 50. Over the complete season 
! 
E 
I! 80 c:JI 
.5 
) 
2 3 4 5 6 7 8 9 
___ ., 14 15 16 Age in ... ~._ 10 11 12 13 
FIGURE 170 Mean growth rate of d~fferent s~zed broods o 
Four ch~ck broods were art~f~c~ally ra~sed 
three egg clutches. The means are based on 
at least f~ve broods o 
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the post-fledging survival was similar from broods of all 
sizes. Lohrl (1957) and Curio (1958) also found this for 
the Collared Flycatcher, Ficedula albicollis o These find-
ings do not support Lack's (1954) view "that the clutch size 
of each species of bird has been adapted by natural selec-
tion to correspond with the largest number of young for which 
the parents can, on the average, provide enough food." 
Lack,'s, theory, however, is based on the probability that "on 
average" the optimum clutch is the most productive. The 
striking feature of Table 50 is that in different years 
different brood sizes hatching at the same time are more 
productive than others. This may result because conditions 
for rearing young vary so much from one year to the othere 
Perrins (1965) believes that this may be the reason why a 
wide range of clutch sizes persists in the population, pre-
sumably because each has been the most productive too fre-
quently for it to have been eliminated by natural selection. 
Alternatively, Lack (1966) has added the provision "that if 
larger clutches tend to be laid chiefly when there is a 
greater chance of larger broods being raised, the average 
clutch will probably not be that from which, on the average, 
most young are raised per brood." This is a possibility in 
the Red-billed Gull, since three chick broods in some years 
are more productive than smaller clutches, and this corres-
ponds to the time when the greatest number of three egg 
clutches are laid. 
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FIGURE 18. Age structures of colonies and study areas. 
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TABLE 51. Proportion of gulls breeding at newly established 
colonies that are known to have bred at other 
colonies in previous seasons 
Males Females 
1967-68 1968-69 1967-68 1968-69 
No. No. No. No. 
No. bred at No. bred at No. bred at No. bred at 
males other males other females other females other 
recovered areas recovered areas recovered areas recovered areas 
21 9 (42.9%) 16 4 (25.0%) 18 4 (22.2%) 14 4 (28.6%) 
12 ( 8.)%) 2 0 5 0 0 
) 0 12 6 (50.0%) 2 1 (50.0%) 6 4 (66.7%) 
36 )0 10 ()).)%) 25 21 
606 In~luence o~ new and established colonies 
6.6.(i) Age structure 
Between 1964 and 1968 three new colonies have been 
established; the Avoca Colony in 1964-65 and Frank's and 
Lagoon Colonies in 1967-68, 
For the Kittiwake Gull Rissa tridactyla (Coulson & 
White, 1956, 1960) it has been assumed that gulls establish-
ing new colonies are predominately young birds. This is 
not true ~or the Red-billed Gull (Figure 18)0 The age 
structures have been based on the age o~ the male, because 
it is believed that males are mainly responsible ~or the 
selection o~ nest sites c At Kaikoura the new colonies were 
not composed principally o~ young males but o~ males aged 
~rom two to nine years. Furthermore, these new colonies 
are not made up o~ inexperienced breeders o Several o~ the 
gulls breeding at the new colonies have been recovered breed-
ing in di~~erent colonies in previous years (Table 51)0 
The age structures di~~ered markedly between areas within 
seasons, and in many cases the structures di~~ered ~or the 
same area between seasons c The small samples o~ some areas 
probably contribute to the marked di~~erences between seasons o 
In the Lighthouse Colony Area A, and Rhinohorns Colony Area A 
where samples are large, the structures were similar o This 
is what would be expected since gulls show a marked attach-
ment to areas where they have bred previously (Table 52)0 
TABLE 53. Breeding succesS at new and 
established nesting sites 
1967-68 :;;cason 1968-69 Season 
lea:r: No. Per No. No. Per No. 
fit'!St ~v. t?ggs cent l'ledged No. eggs cent fledged 
ColoH} U~H'<.J nests laid fledged pel' pair nests laid I'ledged per pair 
Avoe;l 1\165-66 107 195 28. 7~ 0.52 20 29 0.0',1'> 0,00 
Lilf~OOll 1967-68 61 94 u.~ 0.00 95 164 Z4.4~ 0.43 
F ('uuk' s 1967-68 112 20J ,,2.91- 0.78 96 187 J9.U~ 0.76 
Tot,,1 280 492 29.11b 0.51 211 J8U 29.71- 0.54 
"Old coLonie!;" 5tP, II )1 61. 1,% 1.19 635 1246 56.5'1- 1.11 
TABLE 5lt • Ca_uscs "I' egg fuiluI'e in new and 
cstablistwd colonies 
Year No. Per cent Per cent Per 
i'i.'sl No. eggs destroyed eggs cent 
Colony uSed nests laid by swamping predated hatched 
1967-6;; 
AVoCa 1965-66 107 195 Z9.7% 9.7~ 55.4% 
Lagoon 1967-6H 61 9!J 81.9% 9.61- 7,1J% 
.'I'auk's 1~)67-6H 11:2 203 18.7% 25. 1,%, 46.8% 
"Old colonie!:!" 5ts!' 11 }I 4.8% 1).21- 61,4% 
I ~)6H-69 
-\voca 1965-66 2U 29 0.0% 100.0',1'> 0.0% 
Laf~ouH 1967-68 95 161, 51.8% 14.0% )1,11-
Ft'ank I ~ 1967-68 96 IH7 1'0.11- 13,91- 43.9% 
"Old colonies •• 635 121,6 6.5% 16.9% 68.6% 
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TABLE 52. Proportion of gulls breeding at 
the same nest area in successive 
Sex 
Male 
Female 
No. gulls 
considered 
148 
145 
seasons 
Same colony 
same area 
106 (71.6%) 
102 (70.3%) 
6.6.(ii) Breeding success 
Same colony 
different area 
19 (12.8%) 
19 (13.1%) 
Different 
colony 
23 (15.6%) 
24 (16.6%) 
The breeding success in newly established and old 
colonies is compared in Table 53. Gulls nesting in newly 
established colonies were strikingly less successful than 
gulls nesting in old colonies. The mean number of young 
fledged per pair at new colonies in the 1967-68 and 1968-69 
seasons was 0.52 compared with 1.15 for old colonies. A 
similar marked difference in breeding success between 
established nest sites and new sites was recorded by Snow 
(1960) for the Shag Phalacrocorax aristotelis. 
The main mortality agents in the new Red-billed Gull 
colonies, were predation and swamping (Table 54). In two 
of the colonies, in different years, no young were raised. 
In the Avoca Colony in 1968-69 the failure was due to vandals 
firing a shot-gun into the colony, killing twelve adult gulls 
and causing the remainder to desert. 
As can be seen from Table 55, the greatest loss involved 
the failure of the complete clutch or an incomplete clutch. 
The lower breeding success at newly established colonies 
is not a reflection of the breeding age of the gulls but to 
the poor habitats, which are susceptible to flooding. 
TABLE 55. Causes 01' partial 0" whole 
fa.ilure or clutches at new 
and uld colonies 
Nu. of whole clutches 
Tutal Whule railing to hatch due to: 
Nu. clutch 
Year Colony clutche", Ldled Predation Swamping 
1967-6t! Avuca 107 36 7 ( 19.4%) 26 (72.2%) 
Laguun 61 28 J ( 10.7%) 25 (89.J%) 
Fr'unk?g 112 '35 2f~ (6t!.6%) 11 (31 .4%) 
"All uld 
colonies" 5t!1~ 92 5" (58.7%) 27 (29.3%) 
1968-69 Avoca 20 10 10 ( 100% ) 
Lagoun 95 44 8 ( 18.2%) JJ (75.0%) 
Frank's 96 ft6 I 1 (23.9%) J4 (7).9%) 
"All old 
colonies H 6J5 131 59 (45.0%) 22 ( 16.8%) 
Nu. or partial clutches 
Total Partial railing to hatch due to: 
No. clutch 
Year' Culony clutches railed Predation Swamping 
1967-6t! Avoca 107 7 1 ( II~.)%) 
Lagoon 61 
F.'ank',; 112 I) ) (:n. I%) 
"All uld 
colonies U 51:$11 70 II, (20.0%) 
196H-69 Avoca 20 
Lagoon '15 2 2 ( 100% 
Frank's 96 5 1 (20.0%) 
"All old 
colonies" 6J5 6 ft It! (28.1%) 
No. 01' incomplete clutches 
Total Incomplete rail ill/.:' tu hatch due to: 
No. clutches 
Year Coluny clutche,; destroyed Predation Swamping 
1967-6t! Avoca 107 9 ) (3J.J%) 6 (66.6%) 
Lac-oon 61 27 2 ( 7.4%) 25 (92.6%) 
Frank'!S 112 25 16 (64.0%) 8 (32.0%) 
"All 0.1<.1 
colonil~s" 5t!4 1 1 11 ( 100')b ) 
196H-69 Avoca 20 9 9 ( 100% ) 
Lagoon 95 21 7 ( J:J. J%) 14 (66.6%) 
Frank's 96 7 J (112.9%) 4 (57.1%) 
"All uld (7J.7%) ( 16.7%) colonies" 635 lH 11, J 
6.7 Replacement clutches 
Replacement clutches are common in seabirds and the Red-
billed Gull is no exception. Re-laying generally followed 
egg losses by predation and swamping~ Only occasionally 
were replacement clutches laid after chicks had died (Mills, 
In most instances re-nesting took place at the same 
nest site. The earliest re-laying was seven days after the 
disappearance of the first clutch and the longest was 33 
days. 
Although the mean clutch size of replacement clutches 
is statistically smaller than the original clutch, only 28% 
of the females laid smaller clutches than the original 
(Table 56). 
TABLE 56. Clutch size of replacement clutches 
Completed Completed 
first re:elacement clutches 
clutch 1 2 3 Total % less % same % more 
1 2 5 7 28 .. 6% 71 .. 4% 
2 21 48 3 7? 29.2% 66.6% 4.2% 
3 3 2 
.is 60.0% 40.0% 
Total 23 56 5 84 28.6% 61 .. 9% 9.5% 
Note" Average clutch size of first clutches 1 .. 98 + 0.38 
-
Average clutch size of replacement clutches 
1.79 + 0.54 -
t (First 
-
replacement clutches) = 2.6408, d.f. = 166, 
p = 0.01-0.001 
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The replacement clutches show the same seasonal decrease 
in size as original clutches (Table 57). 
Date 
3-,9 Oct. 
10-16 
17-23 
24-30 
31- 6 Nov. 
7-13 
14-20 
21-27 
28- 4 Dec. 
5-11 
12-18 
19-25 
26- Jan. 
2- 8 
9-15 Jan. 
Total 
TABLE 570 Seasonal variation of 
replacement clutches 
Replacement 
clutch size 
1 2 3 Total 
2 
2 2 
4 2 6 
9 2 12 
3 4 1 8 
2 12 14 
4 12 16 
7 10 17 
6 4 10 
1 
2 2 
-90 
Mean 
clutch 
1.50 
2.00 
2.33 
2.08 
1.75 
1.86 
1.75 
1.59 
1.40 
1.00 
2.00 
1. 78 
Only older gulls lay replacement clutches, perhaps 
because younger gulls (which normally breed late in the 
season) are unable to obtain sufficient food to manufacture 
eggs. 
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6.7.(ii) Breeding success 
The breeding success of replacement clutches was 
markedly higher than that for first clutches in the 1967-68 
season but only slightly so in 1968-69 (Table 58). 
TABLE 58. 
No .. 
gulls No. 
con- eggs No. 
sidered laid hatched 
1967 
-68 12 22 21 
1968· 
-69 46 87 54 
Total 58 109 75 
6.8 Deferred maturity 
Breeding success of 
replacement clutches 
Per Per 
cent No. cent 
hatched fledged fledged 
95.5% 20 90.9% 
62.1% 46 52.9% 
68.8% 66 60.6% 
No. 
fledged 
per 
pair 
1.67 
1.00 
1. 14 
Sea birds norma1ly do not breed until they are two years 
old or more. The reasons for this long prematurity period 
have been subject to speculation. The phenomenon is referred 
to as deferred maturity. Wynne-Edwards (1962) considers 
that delayed development has been evolved in long-lived marine 
species to reduce productivity and prevent over population. 
The Red-billed Gull is capable of breeding at two years 
but the majority do not do so until the third or fourth year. 
The duration of the prematurity period in the Red-billed Gull 
is similar to that of other long-lived seabirds. For 
example, the Shag Phalacrocorax aristotelis (Snow, 1960) 
breeds first at three - four years, and the Cormorant 
Phalacrocorax carbo (Kortlandt, 1942) at three or sometimes 
even four or five years. In the Kittiwake Gull Rissa 
tridactyla, Coulson (1966) found that breeding took place 
mainly between three and five years, while the age of first 
breeding in the Short-tailed Shearwater, Puffinus ten~­
stris, occurred between five and eight years, with a mean 
of 5.9 years (Serventy, 1967). 
In the Red-billed Gull, females delay breeding longer 
than males. In other species of birds it is usually females 
which mature earliest (see Section 5.4). The evidence in 
this study indicates that females survive better than males; 
the reverse has been found in other studies. Thus, in this 
study and in others the sex which survives best has the 
longest prematurity period, perhaps because they outnumber 
the opposite sex and so have difficulty in obtaining partners. 
Table 59 shows the sex and age composition of the prebreeding 
TABLE 59. Comparison of males and females of 
different ages in the prebreeding 
and breeding populations of the 
1965-66 season 
Percent composition in population 
No. 
recovered 2 3 4 5 6 7years 
Males 
Prebreeding 48 14 .. 6 22.9 18.8 16 .. 7 18.8 8.3 
Breeding 322 5.6 18.0 13.7 23 .. 9 23.6 15.2 
Females 
Prebreeding 47 14.9 29.8 27.7 12.8 10.6 4.3 
Breeding 220 1 .. 8 23 .. 2 20.0 23.2 19.5 12.3 
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and breeding populations. Theoretically, there is an equal 
chance of males and females of any age group breeding, 
however, younger gulls (although present at Kaikoura) are 
not participating in breeding as much as are older ones. 
In both the male and female breeding populations there are 
smaller proportions found in the two, three and four year 
age classes than are present in the general population. 
Banded gulls over four years make up only 43.8% of the male 
and only 27.7% of the female pre-breeding population, but 
contribute 62.7% of the male and 55.0% of the female breed-
ing population. It appears that older females are better 
able to obtain partners than younger females. This, how-
ever, would not explain the failure of young males to breed 
since there is not a surplus of males in the population. 
This could be due to difficulties in obtaining nest sites 
or their inability to obtain sufficient food to attain 
breeding condition. 
Wynne-Edwards (1962) emphasises the importance of nest 
site tenure; he considers that colonies have recognised 
boundaries, not necessarily physical, which inhibit by 
tradition breeding in a new place, even when there is a 
surplus of adult birds. In the Red-billed Gull, there is 
competition for the best nest sites - on higher ground and 
central areas - but no evidence for "traditional boundaries". 
On the contrary, new areas within colonies and new colonies 
are periodically being established. 
Since nesting sites cannot be considered a significant 
factor in restricting breeding the alternative of competition 
for food seems probable. Ashmole (1963), Carrick & Murray 
(1964), Murton, Isaacson & Westwood (19b6) have considered 
this. They believe that intraspecific competition during 
feeding denies food to less experienced birds. Ashmole, with 
particular reference to tropical oceanic seabirds, suggested 
that the competition is for the restricted amounts of food 
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that become available rather than for the total resources o 
There is evidence which indicates that when food is 
abundant and aggression low, birds of immature plumage have 
bred Q This has been found in the Pomarine Jaeger Sterco-
rarius pomarinus (Pileika et aI, 1955) and the Magpie 
Gymnorhina tibicen (Carrick & Murray, 1964). Such a situa-
tion may be defined as enhanced maturity. 
Lack (1968) considers that the only tenable view, if 
one accepts natural selection, is that "birds have evolved 
physiological regulating factors to prevent earlier maturity 
because this, on balance, enables them to leave more off-
spring than if they mature earlier." He adds "this view 
implies, first, that any individuals which attempt to breed 
when younger are unlikely to suceed, and secondly that the 
attempt to breed exposes the birds to a higher mortality 
than if they do not attempt to breed Q " Further research 
would be required to prove or disprove Lack's hypothesis. 
However, as shown in Section 5el, there is considerable evi-
dence to suggest that the long prematurity of Red-billed Gulls 
may result from younger birds being unable to obtain suffi-
cient food to attain breeding condition. 
6.9 Immigration and emigration 
As shown in Section 5.3 there is very little immigration 
into the Kaikoura breeding population of gulls that were 
hatched at other localities. Losses from the population by 
emigration of chicks hatched at Kaikoura, is greater than 
the gain from immigration o At Lake Grassmere (82 miles north 
of Kaikoura), a colony of 250 - 350 pairs, 51 gulls which were 
banded at Kaikoura as nestlings, have been recovered breeding 
there between the 1961-62 and 1964-65 seasons by Mr S.R. 
Kennington" Regular recovering of banded gulls has not been 
undertaken at other colonies, but small numbers of Kaikoura 
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gulls have been recovered breeding in colonies at Nawhi 
Point, Nelson, Kapiti Island and the Waitaki River mouth. 
Not all of these gulls are lost permanently from the popula-
tion since some have been recovered back at Kaikoura in 
subsequent years. 
In view of the surplus of female gulls in the Kaikoura 
population, it would be of interest to know whether the 
emigrating gulls are mainly females. 
TABLE 60. Causes of death in age classes 
Age in completed years 
Category Juv. 2 3 4 5 6 7 8 Total 
Cause unknown 158 34 24 20 23 9 4 7 2 281 
Shot- control measures 3 5 
Found shot 4 5 3 16 
On road (car) 36 5 3 3 3 53 
On railway (train) 3 3 
On airport 
Injured and killed 15 4 4 2 25 
Caught in fishing line 
or net 2 2 2 8 
Oiled 
Drowned 3 4 
Bird of prey 
Stoat 66 73 
Dog 
Died on breeding colony 
as adult 2 2 8 
Died on breeding colony 
as juvenile 4 4 
Collision with overhead 
wires 
Exhausted or ill 3 3 
Hit by golf' ball 
Choked on f'ish 
Killed (experimental 
reasons) 8 29 6 12 7 68 
Killed during capture-
alpha chloralose 2 4 
Band f'ound only 
Total 563 
7 " MORTALITY 
7.1 Causes of mortality 
The data in this section are based mainly on recoveries 
of banded birds reported by the publico 
Smith (1959) emphasises that although some idea of the 
causes of death of banded birds can be gained from details 
of recovery reports, equal significance cannot be given to 
all the recoveries. Paynter (1947) argues that deaths 
associated with human activities will be adequately recorded, 
but birds killed by predation, disease and other causes will 
be recovered only by chance. 
Of the 563 reported recoveries nearly half (281) died 
from unknown causes. The main causes of death in relation 
to age are shown in Table 60. 
Although the Red-billed Gull is protected under the 
Wildlife Act (1953) a small proportion inevitably is shot 
(2 c 8%). If gulls Hshot for control measures" are included, 
the proportion of juveniles amounts to 33%0 Similarly, in 
the Lesser Black-backed Gull Larus fuscus gracellsii (Lack, 
1943) and the Shag Phalacrocorax aristotelis (Potts, 1969) 
juveniles feature prominently in shot recoveries. 
As with recoveries of shot gulls, greater numbers of 
juveniles have been reported involved in collisions with cars 
and trains. Van Tets (1968) believes that this may be 
because of inexperience and lack of caution. The number of 
gulls killed by automobiles probably represents the propor-
tion dying from this cause of the total number banded, as the 
chances of a gull being recovered from such a death is 
comparatively highc 
Of the 75 reported deaths due to predation, 73 were 
caused by Stoats Mustela erminea. Adults are vulnerable 
only during the breeding period, because at other times they 
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FIGURE 19. Seasonal distribution o£ mortality: 
(a) gulls less than year old, (b) gulls 
one year o£ age, (c) gulls two years o£ 
age and older. 
roost mainly on offshore stacks inaccessible to ground 
predators. 
1.2 Seasonal distribution of mortality 
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The recoveries excluded from the analysis include 
"gulls killed for scientific purposes", "band found ohly" 
and "band attached to skeleton". 
The highest adult mortality (gulls more than two years 
after fledging) occurred from early spring to late summer 
and the lowest in winter (Figure 19 c). The pattern of 
mortality of gulls less than a year after fledging differs 
from that of adults (Figure 19 a)c Mortality is:highest 
immediately upon fledging and decreases as the year,pro~ 
gresses. Mortality of' year old gulls is highest in January 
with a secondary peak in May (Figure 19 b). 
These patterns differ from those derived for the Red-
billed Gull by van Tets (1968), but are similar to those 
determined for the closely related Silver Gull La~us nova,e-
hollandiae in South-eastern Australia by the same author. 
However, the mortality patterns van Tets derived for the 
Red-billed Gull are not comparable with those determined'for 
that species in the present study as they are based on 
recoveries published in Banding Reports and are subject to 
errors, since these often give the outstanding recoveries 
only, usually in terms of the age of tne'bird or tbe dist:aaee 
from the banding locality; thus the recoveries are not 
randomly distributed in time or space (Robertson, pers .. comm.). 
Bias is likely in the seasonal reporting rate. The 
chances of finding a dead bird depend mainly upon where it 
dies (Potts, 1969). A gull dying on a remote coast is less 
likely to be found than one which dies at a coastal resort. 
The seasonal distribution of recoveries is more likely to 
indicate human activity than gull mortality (Kadlec & 
Drury, 1968). Van Tets (1968), studying the seasonal 
mortality of several gull species, believes that there are 
sufficient divergencies in the seasonal recovery rates of 
young and old gulls to discount the possibility that 
variations are mainly due to the seasonal fluctuations in 
habits and distributions of finderso However, it must be 
mentioned that bias is likely in both the present study and 
that made by van Tets. When adults withdraw to the breed-
ing colonies in July and early August the younger gulls 
remain behind in the "over-wintering" areas. Consequently, 
the chances of recovering adults, which are congregated at 
the breeding grounds, are greater than those of recovering 
juveniles which are dispersed over a wide area. 
TABLE 61. 
Year of No. 
banding banded 
1958-59 871 
1959-60 2223 
1960-61 2011 
1961-62 2036 
1962-63 1989 
1963-64 2065 
1964-65 2684 
1965-66 3403 
1966-67 1529 
1967-68 1240 
Recoveries of Kaikoura banded gulls 
remaining at Christchurch in October, 
November, and December 1968 
No. Corrected to Percentage 
recovered 2000/year composition 
4 4 6.8% 
3 3 5.1% 
1 1 1.7% 
2 2 3.3% 
1 1.7% 
5 4 6.8% 
5 3 5.1% 
1 1.7% 
25 40 67.8% 
47 59 100.0% 
If the differences are real, the seasonal recovery 
rates of young and adult gulls probably result from differ-
ences in their ecologyo In the non-breeding season the 
gulls are distributed over a wide area, up to 350 miles from 
the natal colonyo In late June and July when the adults 
return to the colonies the juveniles remain in the "over~ 
wintering" area (Table 61) .. With the departure of the 
adults, competition for food is reduced among the younger 
gulls o Adults returning to Kaikoura face increased compe-
tition for food near the colonies and consequently unsuccess-
ful gulls perish. The demands on the gulls and the food 
supply increase when the young hatch o It is apparent from 
the loss in weight of parents in the post-breeding period 
(Table 62), that the raising of young has made severe demands 
TABLE 62. 
No o 
Month males 
December 36 
January 40 
February 36 
March 19 
Changes in body weight in the breeding 
and the post-breeding period 
Males Females 
Mean NOD Mean 
weight SoDa females weight SoDa 
307.8 17.7 27 273 01 14.6 
288.4 20.0 24 254 06 16.7 
262.9 1502 26 23400 1 1 00 
29905 26.5 14 270.7 1706 
upon them .. The highest mortality corresponds to the period 
of loss of conditiono The decrease in the relative abundance 
of plankton at this time, coupled with the fledging of the 
chicks, places excessive demands on the food supply. 
In ~anuary, adults and fledgings begin to disperse from 
the Kaikoura colonies o By distributing themselves widely 
the gulls are able to reduce the competition for food and 
regain lost condition. Carrick & Murray (1964) consider 
that recently f'ledged gulls are at a disadvantage compared 
with older gulls, and this is confirmed by the high post-
fledging mortality in this study. The high mortality of 
year old gulls in January and February coincides with the 
arrival of adults and juveniles. Gull mortality increases 
at the age at which gulls can first attempt to breed. 
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8. SEX SPECIFIC SURVIVAL 
There are several problems associated with estimating 
survival from recoveries of live Red-billed Gulls. With 
the exception of the samples obtained in the pre-breeding 
period by spotlighting, females are under-represented in all 
samples, consequently composite life tables can not be used 
to compare sex specific survival. The loss of bands from 
gulls prevents the application of Jolly's (1965) stochastic 
model to estimate survival, and furthermore the method can 
not even be applied to cohorts where band loss was minimal, 
because in later years colour banding was introduced which 
alters the recapture rate. It is much easier to find and 
identify colour marked gulls than others. 
The best time to collect data for analysis of sex 
specific mortality is in the prebreeding period, but unfor-
tunately, too few recoveries were made then t~ allow morta-
lity to .be assessed Q The only alternative i's to assess 
mortality from recoveries made in the breeding season .. 
The survival data according to age clas.s are given in 
Table 63. Surprisingly, the survival rate of males in most 
age classes exceeds that ,:>f females a This is contr2'.ry to 
expectation as earlier findings show a surplus of females in 
the population. It has been shown in Section 4.1, that 
unbanded females are more numerous than unbanded males. 
This could be due to immigration of unbanded females or 
emigration of unbanded males both are unlikelYG Samples of 
banded gulls captured in the prebreeding period did not 
depart from a 50:50 sex ratio, although in fact banded females 
were known to be under-represented in the older age classes 
since band loss is greater from females. Consequently, two 
different sampling programmes have indicated a surplus of 
females in the population, 
Considering the evidence, it seems probable that females 
Year 
banding 
cohort 
1958-59 
1959-60 
1960-61 
1961-62 
1962 ... 63 
1963-64 
1964-65 
1965-66 
TABLE 63. Differential survival of sex 
from the 1967-68 breeding 
season to the 1968-69 season 
Males Females 
No. No. No. No. 
recovered recovered recovered recovered 
in 1967-68 in 1968-69 in 1967-68 in 1968-69 
7 7 (100.0%) 6 4 (66.7%) 
56 36 ( 64.3%) 32 22 (68.8%) 
59 39 ( 66.1% ) 49 30 (61 .2%) 
44 30 ( 68.2%) 30 24 (80.0%) 
51 34 ( 66.7%) 41 24 (5'8.6% ) 
40 26 ( 65.0%) 24 13 (54.2%) 
32 20 ( 62.5%) 19 4 (21.1%) 
31 18 ( 58.0%) 3 0 ( 0.0%) 
are surviving better than males, and that a bias exists in 
the recapturing of females from the previous season. A 
possible explanation is that when the pair bond is changed 
the male is more likely to breed again and so is more likely 
to be recovered than the female (Table 64). However, the 
differences are not statistically significant and so further 
information is required to confirm this. 
The question arises whether sufficient regard has been 
given in other studies to sampling biases. Probably the 
most important aspect other researchers have not considered 
is the possibility of greater loss of bands from females. 
An attempt has been made to construct a life table in 
Table 63 by excluding the female recoveries. The analysis 
concerns the survival of cohorts which have minimal band 
loss (TypeD). Allowance has been made for gUlls being 
TABLE 64. Proportion of males and females not 
recovered after the mate of the 
previous season changed the pair bond 
No. No. mates not No. mates 
changed recovered recovered 
mates breeding breeding 
Females 24 17 (70.8%) 7 (29,,2%) 
Males 28 21 (75.0%) 7 (25.0%) 
Fisher's exact test, p = 0.9777 
TABLE 65. 
No .. 
Date males 
banded banded 2 
1959-60 500 
1960-61 1005 
196:1-62 1000 
Total 
recoveries 
Number 
at risk 
Proportion 
surviving 
If annual survival 
rate is P, these 
proportions 
equal p1 p2 
Thus P equals 
Known male survivors from 
recovery data 
Years after banding 
3 4 5 6 7 
72 64 
* 
173 164 
* 
111 
143 136 
* 99 88 
143 309 236 163 199 
1000 2005 1505 1500 2005 
.1430 .1541 .1568 .1087 .0993 
p3 p4 p5 p6 p7 
.523 .627 .690 .691 .. 719 
Mean P = 0,.6776 
Note. 
* No recoveries made. 
8 
42 
96 
138 
1505 
.0917 
p8 
.742 
70. 
9 
35 
35 
500 
.0700 
p9 
.744 
710 
alive previous to the date of last capture or sightingo An 
assumption is made that equal numbers of males and females 
were banded as chicks 4 The data show increasing survival 
with age. The mean annual survival estimate is 0 0 6776 
which is equivalent to an expectation of life of 2,,6 years. 
In Table 66 the survival has been estimated from subsequent 
TABLE 66 .. Calculation of minimum survival of adult 
male Red-billed Gulls from subsequent 
recoveries of gulls known to be alive at 
the breeding grounds in 1967=68 
No" males Age Year interval at risk 
Date recovered in 
banded in 1967-68 years 2-3 3-'" 4-5 5-6 6-7 7-8 
1959-60 55 8 
1960-61 59 7 46 
1961-62 44 6 35 
1962-63 51 5 42 
1963-64 40 4 32 
1964-65 32 3 23 
1965-66 31 2 21 
Total recoveries 21 23 32 42 35 46 
No. at risk 31 32 40 51 44 59 
Proportion surviving .677 0719 0800 0824 ,,795 .780 
8-9 
39 
39 
55 
0709 
recaptures or sightings of gulls from cohorts of known age 
which were alive at the breeding grounds in the 1967-68 breed-
ing season. All gulls were rebanded with a numbered 
aluminium band and a single colour band. A second order 
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polynomial curve fitted to the survival estimates gives the 
form: 
2 Y = 35.62 + 15 0 83x - 1.37x Q 
The polynomial gives a good fit for the range but extra-
polation of the survival rate for older birds is unsatis-
factory since it gives a maximum life span of only 12.1 
years, which is obviously an underestimateo More data 
points are required, especially for older gulls, for a 
realistic survival curve. If we assume that survival is 
constant irrespective of age, the probability the bird 
survives one year is given by: 
Estimate = total birds survive for one year total birds at risk for one year 
= 0.7301 = mean annual survival rate. 
Life expectancy 1 + mean annual survival 
= 2(1 - mean annual survival) 
= 3.20 years 
Since the banding data shows that 14.3% of the male 
chicks survive to breeding age (2 years), and 73% of the 
. adult males survive, 188.8 male chicks per 100 adult male 
gulls would be required to be hatched in order to maintain 
a stable population. This is an unacceptable estimate 
considering the population increase. Obviously the survival 
estimates are too low because a number of banded gUlls are 
not being recaptured. 
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9. DISCUSSION AND CONCLUSIONS 
In the previous sections, factors which influence the 
breeding biology have been discussed separately. Many of 
the factors are known to interact so it is appropriate at 
this stage to examine them collectively. Specific aspects 
discussed include the laying date, clutch size, and the 
production and survival of chicks. 
Laying date 
The date when egg laying commences has a profound effect 
on several aspects of breeding G It has been shown that the 
largest clutches are laid early in the season and gulls which 
commence laying early produce more surviving young. 
there is an obvious advantage in breeding as early as 
Thus, 
possible. Several factors modify the time of laying. No 
statistical difference was found in laying dates between two 
and four year old females, but mean differences of 9 days in 
1967-68 and 17 days in 1968-69 between three and five year 
old females were statistically significant 0 The variability 
of laying dates within age classes was large, because other 
~actors as well as age are having an effect on the time of 
laying. One of the most important factors is the retention 
or change of the pair bond of the previous season. Females 
retaining the mate of the previous season breed on average 
10.2 days earlier than gulls changing mates. For the Kitti-
.wake Gull Rissa tridactyla, Coulson (1966) has shown that 
when older females retain the same mate, the average laying 
date in progressively older birds advances. In the present 
study samples of particular age groups retaining mates were 
too small to ascertain trends of this nature. 
While the advantages of retaining the pair Dond is 
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obvious, in some cases the breaking of the bond is advanta-
geous. In 50% of pair bond changes the female commenced 
laying earlier than in the previous season. Coulson (1966) 
considers "that there may be a degree of incompatibility 
between individuals which results in unsuccessful breeding 
and it is clearly an advantage for such pairs to split up 
in the hope that they will find a new partner who is more 
suitable." In the Kittiwake Gull Rissa tridactyla, Coulson 
(1966) found that delayed breeding of gulls changing mates 
can only in part be due to females tending to take a younger 
male as a new mate, therefore other factors must be con-
cerned. In this study, it has been shown that some gUlls 
retaining mates are able to leave the colonyo Females 
changing mates must presumably spend time seeking new mates, 
a difficult task given the female surplus in the population. 
Females changing mates presumably have less time to feed 
than females retaining mates a Coulson believes that this 
can not be the only factor involved since the change of mate 
in the Kittiwake Gull affected the laying date for at least 
two seasons afterwards. 
in the Red-billed Gull. 
This matter has not been examined 
To account for the prolonged 
effect of mate changes, Coulson suggested that the change 
produces a depressive effect on the breeding biology through 
a lasting influence on the females' nervous and endocrine 
systems. 
The other factor studied which has a marked effect on 
the laying date was the age of the male. In general, 
females of the same age breed earlier in the season with 
increasing age of the male partner. Female Kittiwake Gulls 
breeding for the first time, bred 5 days earlier with an 
experienced male, than if they bred with a male which was 
breeding for the first timeo 
difference is more marked~ 
In the Red-billed Gull the 
Two - four year old females laid 
an average of 18.2 days earlier if they bred with males five 
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years and older than if they bred with two year old males. 
The difference is highly significant (p = <0.001). This 
trend is probably due in part to the effects of retention 
of the breeding partner of the previous season, particularly 
in females five years and older. However, many of the 
two - four year old females had not bred previously, and 
there is a direct effect of the age of the male. The 
delayed breeding of females with young males may be linked 
with "courtship feeding". "Courtship feeding" provides an 
additional food supply for the female at a time when she 
requires it most. The importance of "courtship feeding!! 
can be assessed from the knowledge that three weeks before 
egg laying the female spends 81% of the time in the nest 
territoryo Inexperienced males may not be able to forage 
for food as well as older birds, and any reduction in the 
quantity or quality of food given to the female may have 
important consequences. 
Perrins (1965, 1970) considers the ultimate factor which 
prevents late breeders breeding early is lack of food. He 
believes that the female is probably breeding as soon as she 
can attain breeding condition, thus birds which breed late 
do so because they are unable to obtain sufficient food to 
manufacture eggs at the beginning of the seasono This 
theory would explain the spread of egg laying over an extended 
period during which gulls gradually attain breeding condition 
as food becomes more plentiful. It also explains why most 
late breeders are young birds. This view is strengthened 
by the weight distribution of gUlls breeding in the first 
seven days after the first egg was laid at the colonies. In 
these early breeders there is an absence of light gulls which 
are present in the general population. It is reasonable to 
assume that these underweight gulls have not reached breeding 
condition" 
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Clutch size 
The clutch size of the Red-billed Gull is affected by 
several factors: age of female, age of male, time of lay-
ing, and retention or change of the pair bond. As Perrins 
(1966) has shown for the Great Tit Parus major, these may not 
all influence the bird simultaneously, but several can 
operate together, either directly or indirectly through the 
date of laying. 
The largest clutches are laid early in the season and 
there is a progressive decrease in mean clutch size with 
time. The largest clutches are normally laid by older 
females. Young females laying at the same time as older 
females have significantly smaller mean clutches. This is 
complicated further by the age of the male partner. Females 
of the same age group tend to lay proportionately larger 
clutches the older the male partner. As already discussed 9 
'~ourtship feedin~'may playa significant role, since young 
inexperienced males may provide less food per feed to the 
female than older males. The other factor investigated in 
this study which influenced clutch size was retention or 
change of the pair bond. Females ret mates laid 
statistically larger clutches than females changing mates o 
Early breeders attain breeding condition and lay the 
largest clutches prior to the peak abundance of food, while 
gulls breeding later often attain breeding condition at the 
peak abundance of food but lay small clutches. This situa-
tion is known to occur in many species of birds and has led 
Lack (1954) and Perrins (1965) to postulate that normally 
food at the time of laying has no influence on the clutch 
size. Perrins (1970) cites further evidence which shows 
that eggs in late clutches of the Great Tit which are r 
and heavier than those laid in early clutches. Lack (1954) 
believes that the clutch size is adapted to the availability 
, 
( 
of food for the young, but Perrins (1965) disagrees with 
l 
this interpretation since there is no evidence that birds 
are able to predict the level of prey populations. Perrins 
believes instead that the Great Tit Parus major adjusts the 
clutch size to factors such as the appearance of the 
habitat. 
In the Red-billed Gull it appears more likely that any 
seasonal modification to the clutch size is a response to 
the conditions the female is experiencing immediately prior 
to laying" Lack and Perrins
' 
arguments are not necessarily 
valid. Because food is more abundant when late breeders 
lay does not mean that these gulls are able to obtain large 
quant i ties of i>t Q In the Woodpigeon, Columba palumbus, 
Murton, Isaacson & Westwood (1966) have suggested "that if 
flock size is too high relative to food availability some 
birds have feeding rates below an optimum threshold and under 
these conditions they leave the flock to forage elsewhere." 
It would only be when the food became abundant that the less 
successful feeders could attain breeding condition. 
Furthermore, Perrins' ( 1970) analysis of egg weights is· some-
what misleading because it is based on mean weights of 
clutches, and as it is known that early breeders lay more 
eggs per clutch than late breeders the total weight of ~g8s 
laid by late breeders may be considerably lighter than early 
clutches. It is the total weight of the clutch that is 
important. Furthermore, Coulson (1963) has shown that the 
Kittiwake Gull Rissa tridactyla lays smaller eggs later in 
the season. 
It could be argued that the smaller replacement clutches 
laid by ~arly breeders later in the season supports the view 
that the reduction is adapted to the food for the young. 
This is not necessarily so. It must be emphasised that in 
the Red-billed Gull only 28~ of replacement clutches are 
smaller than the original. This small proportion may result 
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from physiological limitations related to the difficulty in 
developing egg follicles after they have regressed (see 
Harris (1964». In other words, the small replacement 
clutches of the early laying birds (presumably the success-
ful competitors) need not reflect difficulties in obtaining 
food later in the season; these birds may be able to 
obtain enough food but physiological factors prevent develop-
ment of the ovules D 
Studies of the growth rates of different sized broods 
show that the maximum brood that adults can successfully 
nourish is three. In artificially raised four chick broods 
the growth rate fell well below the rate of smaller brood 
sizes 9 In this respect the results support the view put 
forward by Lack (1966) "that the clutch size is adapted to 
the largest number of young which the parents can normally 
raise, the addition of young to make larger broods than 
normal should result in fewer, not more~ young surviving per 
brood." The post~fledging survival of different size broods, 
however, is contrary to Lack's views, because survival waS 
similar from broods of all sizes D The same has been demon-
strated from band recoveries for the Collared Flycatcher 
Ficedula albicollis (Lohrl, 1957; Curio, 1958) and the Pied 
Flycatcher Ficedula hypoleuca (Curio, 1960; v Haartman, 
1967). Lack (1966) has added the provision "that if larger 
clutches tend to be laid-chiefly when there is a greater 
chance of larger broods being raised, the average clutch will 
probably not be that from which on average, most young are 
raised per brood." This is a possibility in the Red-billed 
Gull, since three chick broods in some years are more pro-
ductive than smaller clutches, and this corresponds to the 
time when the greatest number of three egg clutches are laid. 
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Production and survival of young 
The number of eggs produc fledged young depends on 
the date of laying, the position of the nest on the colony, 
the type of colony and the clutch size. Generally, the 
gulls that lay the earliest or at the peak laying period 
produce the greatest proportion fledged. The gulls which 
nest late in the season tend to nest on the periphery of the 
colonies or on the edges of groups of breeding gullsc These 
nests tend to be the most susceptible to predation and swamp~ 
ing. Similarly, newly established colonies have less breed-
ing success than old colonies mainly because they are poor 
nesting habitatso Some colonies and study areas show a 
relationship between the number of gulls laying at a given 
period and the subsequent breeding success. Patterson 
(1965) and Kruuk (1964) believe that synchronised laying 
reduces predation. In the study areas and colonies which 
show a correlation between percentage breeding and subsequent 
breeding success the value of the coefficient is low, indicat-
ing that only a small proportion of breeding success is 
accounted for by this phenomenon o The breeding success is 
more closely correlated with the date of laying. Many young 
from late broods die in the nest and many which are success-
fully fledged do not survive for longo 
There was a statistical difference in the percent hatch-
ing or percent fledged in different aged females but there 
was no marked trend for hatching or fledging success to 
increase with the age of the female. However, there was a 
progressive increase in the number of chicks fledged per 
up to the fifth year due to older gulls laying larger 
clutches and therefore raising more chicks per pair. Simi~ 
larly, there was no difference in breeding success between 
females retaining or changing mates. The samples were 
small and the subject requires further investigation, since 
Coulson (1966) for the Kittiwake Gull Rissa tridactyla found 
that females retaining mates fledged s icantly more 
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chicks than females changing mates. Slightly more eggs are 
hatched from two and three egg clutches than from single 
egg clutches. The main cause of the difference is that 
greater numbers of single egg clutches are lost by predation. 
Brown (1967) considers that this is because single egg 
clutches pre~en~ lower incubation stimuli to the parents, 
resulting in diminished attentiveness which contributes to 
greater egg predation by neighbouring gulls. Brown has not 
checked to see whether"the single egg clutches were incubated 
by young gulls e It may be that the lower incubation drive 
is associated with younger gulls. The predation rate on 
nests of Red-billed Gulls is higher in younger gulls, 
especially in nests of young males. There is another possi-
bility as well, since younger gulls tend to nest on the 
periphery of nesting colonies which are more susceptible to 
predation .. 
The post-fledging survival depends mainly on the date 
of hatching and the age of the parento There was no differ-
ence found in the proportions surviving from broods of 
different sizes o The post-fledging survival of different 
sized broods in relation to date of hatching is confusing 
with no consistent yearly pattern. Perrins (1965) believes 
this may be because conditions for rearing young vary so 
much each season. 
Chicks of young parents (2 - J years) had a statisti-
cally lower post-fledging survival than chicks of gulls over 
three years. It is likely that chicks from young gulls are 
not as well fed as chicks from older parents, and therefore 
have less fat which is a disadvantage when the chicks become 
independent .. There is evidence that the later the bird 
breeds the less likely it is to produce surviving young, 
irrespective of the age of the parent. In these cases it 
appears that late breeders are unable to provide sufficient 
food to the chicks for deposition of internal fat reserves. 
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Competition for the available food in the pre-breeding period 
The return to Kaikoura of large numbers of gulls in July 
places a severe demand on the food resources of the environs 
of Kaikoura. Most arrive before the plankton abundance has 
increased. The peak in euphausiid numbers does not occur 
until November - December. An indication of the food shor-
tage is given by the marked decrease in mean body weight 
found in mid September (Figure 7 and Table 16)0 The vari-
ability of body weights of gulls showed that not all of the 
individuals in the population were affected~ The most 
severely affected were gulls in the younger age classes, but 
even within these the variability of weights was large. 
This competition for food could account for the increase in 
adult mortality in spring~ In several other bird species 
it has been observed that some individuals compete more 
successfully for food than others; for example tropical 
oceanic sea birds (Ashmole, 1963); the Australian Magpie 
Gymnorhina tibicen (Carrick, 1963); the Silver Gull Larus 
novaehollandiae (Carrick & Murray~ 1964); and the Woodpigeon 
Columba palumbus (Murton, Isaacson & Westwood, 1966)0 
Carrick & Murray (1964) consider that social status confers 
feeding rights, and the hostility shown by conspecific 
individuals for the necessities of life could well be the 
means whereby aspiring newcomers are denied adequate feeding 
rights. This point has also been stressed by Wynne-
Edward,S (1962). 
In an intensive feeding study of Woodpigeons, Murton, 
Isaacson & Westwood (1966) found that a feeding flock main-
tained a relatively stable structure, and in general each 
bird remained in a constant position relative to others in a 
flock. They added that a true social hierarchy might imply 
that pigeons were able to recognise each other as individuals, 
but this need not be so since the same results could be 
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achieved if the pigeon adopted a position in the flocks 
where it felt most at ease. In the Woodpigeon, individuals 
at the front of the flock obtained considerably less food 
than those in the centre or rear. Hence, some pigeons were 
continually denied food. There was no obvious displacement 
by fighting as has been observed among Rooks Corvus frugi~ 
legus by Lockie (1956), but rather supplanting attacks that 
were very subtle, and Murton, Isaacson & Westwood (1966) 
could not decide whether movement arose because a bird first 
moved towards another or whether a movement away created a 
vacant place. 
In many photographs, (e.g. Plate 1), large numbers of 
gulls can be seen sitting on the water some distance from 
the swarm. Unfortunately, it is not known whether gulls 
have already obtained sufficient food, and so moved away 
from the flock, or whether they are birds unable to compete 
with other gulls. Observations of flocks feeding on inter-
tidal regions and on land have shown that disputes are 
common. When food is in short supply, a wide area is tem-
porarily defended by overt posture, mainly the forward and 
oblique postures (see Moynihan, 1955; Tasker, 1970). When 
food is particularly abundant, the density of birds increases 
and displays are less frequent, but there are continual 
"growling" calls given in the feeding posture, which effec-
tively maintain individual distance. These observations on 
I 
land are probably relevant to flock feeding at sea. While 
more evidence would be desirable, it is possible that the 
structure of feeding flocks is similar to that of pigeon 
flocks seen by Murton, Isaacson & Westwood. It is not known 
which positions within the flocks are the most successful but 
the frontal positions, where density is highest, seem 
likeliest. 
Population increase 
During this century Red-billed Gull numbers have 
increased spectacularly. Oliver (1955) has suggested .tb.t 
the most important factor in the gull population increase 
has been the utilization of the food supply made available 
by the establishment of freezing works, whaling stations, 
shipping centres and garbage dumps. Although this food 
is not utilized to any extent in the breeding season, 
large populations are supported by it in the autumn and 
winter. The importance of this food source is that it is 
an alternative food supply which is able to support more 
birds" The age structures of gulls feeding at the ~hrist-
church Heathcote-Avon Estuary and in the Central Christchurch 
area differ .. Relatively more juveniles are found at Central 
Christchurch, where the gulls depend on food given by the 
public, than are found at the estuary where the food ,supply 
is largely "natural ll " It seems, therefore s that the addi-
tional food supply allows unsuccessful and inexperienced birds 
to suryive which may not if they remained at natural feeding 
grounds. In addition, the increase in food supply may allow 
birds to arrive at the breeding grounds in better breeding 
condition Q 
Another factor which could conceivably increase the 
population is an improvement in the availability of food at 
the breeding grounds. Since the popUlation of Baleen Whales 
has been reduced to about one tenth of their original size, 
it might be expected that there is an excess production of 
euphausiids, previously harvested by the whales (Mauchline & 
Fisher, 1969). This would mean that competition for availa-
b1e plankton would be reduced. If individual gulls are able 
to obtain more food they may lay large clutches and raise 
more chicks per nest than previously. Many plankton feeders 
have increased in status in the last few years, for example, 
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the Crab-eater Seals (Mauchline & Fisher, 1969) and the 
Fulmar Fulmar glacialis (Fishe~ 1952). The increase in 
the Gannet Sula bassana populations could have benefited 
indirectly through an increased plankton production. All 
authors commenting on the population increase in sea bird 
populations have overlooked this as a possible factor. 
10. SUMMARY 
1. This thesis describes the results of a study of a 
Red-billed Gull Larus novaehollandiae scopulinus population 
containing many birds of known age B 
2Q The Kaikoura gull population is increasing o 
Between 1964 and 1968 three new colonies were established. 
3e Adults were sexed by a combination of bill measure-
ments, depth at gonys and bill length o With a 99% confi~ 
dence interval a discriminant function analysis gave the 
probability of misclassification of the sex of less than 
9.1%. 
4. Band loss was greatest with butt to butt bands and 
least with lock bands. 
losses than did males. 
Females suffered greater band 
5. The sex ratio of banded gulls captured in the pre-
breeding did not differ significantly from a 50:50 ratio. 
In the breeding period significantly more banded males than 
females were captured~ 
discussed. 
Possible reasons for this are 
6 0 Winter recoveries favoured males. The possible 
causes are considered. 
7. The hatching period coincides with the peak abun-
dance of adult euphausiids, the main diet of adult and nest-
ling gulls. Chapges in body weight in the pre-breeding 
period suggest that food shortage is affecting some of the 
gulls, particularly young ones~ 
8. The gulls return to the colonies in late June having 
been away since January. Occupation of nest sites begins 
in late August or early Septemberc In the pre-breeding 
period females spend over twice as long at the nest terri-
tory than males 4 The preferred nest sites are central and 
elevated areas o Males, but not females, tend to breed at 
their natal colony~ 
9. The age at first breeding is variable; they are 
capable of breeding at two years, but the majority breed 
first at three, four and five years and some even later. 
Males tend to breed at a younger age than females. 
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10. Gulls tend to have partners of similar age. Ahout 
64% had mates with an age difference of no more than one 
year. 
11. There is a marked tendency for gulls to retain the 
pair bond of the previous season. This is more marked in 
older gulls. Many of the new mates of gulls changing part-
ners are inexperienced. 
12. In the seasons from 1965-66 to 1968-69, the first 
egg was laid by 11 Octobero In each season, peak laying 
occurred at the same time in most study areas, and the mean 
and median laying dates of the same study area were remarkably 
consistent from year to year o 
occurs on elevated sites. 
Greater synchrony of laying 
13. The incubation period varied between 21 and 27 days. 
Males and females spend a similar amount of time in the nest 
territory during incubation. 
14. The normal clutch is two eggs. The clutch size of 
individual gulls did not differ significantly between 
1967-68 and 1968-69. 
15. There was no significant difference in hatching or 
fledging success between 1967-68 and 1968-69, but the 
atypical nesting colony studied in 1964-65 had a lower breed-
ing success than the others. The most common cause of egg 
mortality was predation by Red-billed Gulls and Stoats 
Mustela erminea. Swamping of nests and predation caused 
loss of the entire clutch. 
16. The date of egg laying affected clutch size, fledg-
ing success and post-fledging survival o Evidence suggests 
that laying at the peak period reduces predation. 
17. The age of the female influences the date of laying, 
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clutch size, and post-fledging survival of chicks. The 
hatching and fledging success of different aged birds was 
statistically different but there was no marked tendency 
for increasing hatching or fledging success with an increase 
in age. 
18. The significance of "courtship feeding" of the 
female by the male is discussed. The age of the male 
relative to the age of the female influenced the date of 
laying, clutch size and post-fledging survival. 
19. Females which retain the pair bond from the previous 
season bred earlier in the season and laid more and larger 
eggs than females changing mates but no difference was found 
in the breeding success. 
20. Single egg clutches had a smaller percentage hatch 
than larger clutches. The brood size of three was the 
largest the adults could normally feed. No difference was 
found in the post-fledging survival of different brood 
sizes. 
21. The age structures of new and old colonies are 
examined. The breeding success is lower at new colonies; 
predation and swamping are the main mortality agents. 
22. Replacement laying takes 7 - 33 days. The mean 
clutch size of replacement clutches was lower than original 
clutches but only 28% laid smaller clutches than the original. 
The breeding success of replacement clutches is higher than 
that of original clutches. 
23. Deferred maturity and its significance is discussed. 
24. In this population emigration exceeds immigration. 
25. The causes of mortality are discussed. Seasonal 
mortality patterns differ in different age gulls. Mortality 
is low during the winter for gulls of all ages. Mortality 
is highest immediately upon fledging and decreases as the 
year progresses. One year old gUlls have a peak mortality 
period in January and a secondary peak in May, while adult 
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gulls have a peak from early spring to late summer. The 
causes of the patterns are discussed o 
26. Recovery data shows higher survival of males but 
other evidence suggests that female survival is greatero 
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APPENDIX ONE 
Locality and number of Red-billed Gulls banded as chicks 
in N'ewZealand and outlying islands from 1943 to 
31 March 1970 (C.J.Ro Robertson, pers., comm.) 
New Zealand 
Brothers Island 
Castlepoint 
Crusoe Island 
Cuyler Island 
Haast Rv. Mth 
Kaikoura 
Kapi ti Island 
Karitane 
Kawakawa 
Koi Island 
, 
Kuaotuna Beach 
Lake Grassmere 
Lake Rotorua 
Mataikona 
Moturoa Island 
Nawhi Point 
Nelson 
New Plymouth 
Okarito Rv. Mth 
Onekapua Point 
Picton 
Porong~hau 
~.: 
Pourakino River 
Renewahine P~int 
No. 
banded 
531 
43 
58 
17 
91 
25,044 
1 ,266 
2 
45 
4 
287 
2,429 
112 
21 
14 
101 
2,680 
572 
4 
20 
50 
29 
12 
3 
.Locali ty 
Stephens Island 
No. 
banded 
173 
Three K~ngs Islands 50 
Tiri Tiri Island 106 
Waiwakaiho Rv. Mth 8 
Whale Tsland 5 
White Island 13 
White Rock 38 
Total for New 
Zealand 33,828 
Out~ying islands 
Auckland Islands 
Campbell Islands 
Chatham Islands 
Snares Island 
Total for outlying 
islands 
34 
80 
18 
29 
161 
Band Type: A 
0~1 
No 0 bands 
examined 2 
Percent 
illegible 0% 
Band Type: B 
No 0 bands 
examined 3 
Percent 
illegible 0% 
Band Type: C 
0-1 
No o bands 
examined 24 
Percent 
illegible 0% 
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APPENDIX TWO 
Proportion of bands illegible 
Number of years band worn 
1~2 2~3 3~4 4~5 5~6 6~7 7-8 8~9 9~10 1 O~ 1 1 
0 0 3 2 0 9 9 
0% 0% 0% 0% 0% 0% 0% 
Number of years band worn 
o o 2 o o o 4 
0% 0% 0% 
Number of years band worn 
1-2 2~3 3-4 4~5 5~6 6~7 7~8 8-9 9~10 1 O~ 1 1 
16 8 4 17 50 100 0 13 
0% 0% 0% 0% 0% 0% 0% 0% 
1020 
(APPENDIX TWO continued) 
Band Type: D 
Number of' years band worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 
No. bands 
examined 43 33 13 9 4 0 0 92 98 441 
Percent 
illegi.ble 0'% 0'% 0'% 0'% 0'% 2% 4,% 1 J'% 
Band Type: E 
Number of' years band worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8 9 9-10 10-11 
No. bands 
examined 4 4 19 92 69 25 
Percent 
illegible 0'% 0'% 0'% 0'% 0'% 0'% 
103. 
APPENDIX THREE 
Differential band loss from male and female 
Red-billed Gulls 
Band T~Ee: A 
(a) Females 
Number of years the band has been worn 
0-1 1-2 2-3 3- L~ 4-5 5-6 6-7 7-8 8~9 9~10 
No. females 
considered 2 5 4 4 3 8 
No. females 
that lost a 
band 0 0 2 6 
Percentage 
lost 0 0 0 20.0 0.0 25.0 6607 7500 
Cumulat.ive 
percent 
lost 0.0 20 0 20 0 0 40co 80,,0 95,,0 
(b) Males 
Number of years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7 8 8-9 9-10 
No. males 
considered 3 4 5 9 9 
No. males 
that lost a 
band 0 0 0 0 
Percentage 
lost 0.0 0 .. 0 0.0 0 0 0 1 1 • 1 33.3 
Cumulative 
percent 
lost 0,,0 0 0 0 0.0 0.0 1 1 • 1 40.7 
104. 
(APPENDIX THREE continued) 
Band T:l:Ee: C 
(a) Females 
Number of years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
No. females 
considered 3 10 30 6 4 6 2 
No. females 
that lost a 
band 0 0 0 0 1 2 1 2 1 
Percentage 
lost 10.0 6.,7 16.7 25.0 3303 5000 
Cumulative 
percent 
lost 10 e O 16.,0 30.0 4705 61 .6 80.8 
(b) Males 
Number of years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
No. males 
considered 2 2 2 5 25 50 10 3 10 2 
No" males 
that lost a 
band 0 0 0 0 0 1 0 2 
Percentage 
lost 0.0 0.0 0 0 0 0 0 0 0.0 2.0 10.0 0.0 20.0 50.0 
Cumulative 
percent 
lost 0 0 0 0.0 0,,0 0.0 0.0 2 0 0 1 1 .8 11.8 29.4 64.7 
(APPENDIX THREE continued) 
Band Tl::J2e: E 
(a) Females 
Number of' years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5-6 6 .... 7 7-8 8-9 9-10 
No" f'emales 
considered 147 23 17 15 16 2 
No" f'emales 
that lost a 
band 0 0 0 0 0 0 
Percentage 
lost 0.0 0.0 OeO 0 .. 0 0.0 0,,0 
Cumulative 
percent 
lost 0.0 0.0 0.0 0.0 0.0 0.0 
(b) Males 
Number of' years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 
No" males 
considered 272 48 64 50 28 2 
No. males 
that lost a 
band 0 0 0 0 0 0 0 
Percentage 
lost 0.,0 0.0 ODO 0.0 0.0 0,,0 0.0 
Cumulative 
percent 
lost 0.0 0.0 0,,0 000 0,,0 0.0 0.0 
106. 
(APPENDIX THREE continued) 
Band T;z:,ee: D 
(a) Females 
Number of' years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5..:6 6-7 7-8 8-9 9-10 
. ! 
No" f'emales 
considered 5 8 35 43 26 3 
No. f'emales 
that lost a 
band 0 0 1 0 
Percentage 
lost 0.0 0,,0 2.9 2,,3 3 0 8 0,,0 
Cumulative 
percent 
lost 0,,0 OeO 2.9 405 8 .. 1 8 0 1 
(b) Males 
Number of' years the band has been worn 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 10-11 
l] 
Noc males 
considered 4 10 16 49' 67 40 7 2 
No" males 
that lost a 
band 0 0 0 0 0 0 0 
Percentage 
lost 0 0 0 0 00 0,,0 0 0 0 105 0 0 0 O~O O~O 
Cumulative 
percent 
lost 0,,0 0.0 0.0 0 0 0 105 1,,5 1 ,,5 1,,5 
APPENDIX FOUR 
(a) Seasonal variation o£ clutch size 1965-66 
Percent 
Clutch size composition 
No. Mean 
Date clutches 2 3 4 clutch S.D. 2 3 4 
17-23 Oct. 125 16 88 20 1 2.05 0.57 13% 70% 16% 1% 
24-30 Oct. 90 9 63 17 1 2" 1 1 0.57 10% 70% 19% 1% 
31- 6 Nov. 112 10 90 12 2.02 0.44 9% 80% 11 % 
7-13 Nov. 92 13 72 7 1.93 0.46 14% 78% 8% 
14-20 Nov. 86 12 68 6 1.93 0.45 14% 79% 7% 
21-27 Nov. 87 15 62 9 1 1.95 0.57 18% 71% 10% 1% 
28- 4 Dec. 44 10 34 1077 0.42 23% 77% 
5-11 Dec. 54 13 38 3 1087 0,,67 24% 70% 6% 
12-18 Dec. 27 12 15 1056 0.51 44% 56% 
19-25 Dec. 9 6 3 1.33 0.,50 67% 33% 
(APPENDIX FOUR continued) 
(b) Seasonal variation of clutch size 1967-68 
Percent 
Clutch size composition 
No. Mean 
Date clutches 2 3 4 clutch SoD. 2 3 4 
3- 9 Oct. 22 2 17 3 2.05 0049 .9% 77% 14% 
10-16 Oct. 153 12 105 36 2.16 0.54 8% 69% 23% 
17-23 Oct. 146 15 108 23 2.05 0 .. 51 10% 74% 16% 
24-30 Oct. 295 17 253 24 1 2.03 0.39 6% 85% 8% 1% 
31- 6 Nov. 132 1 1 115 6 1.,96 0.36 8% 87% 5% 
7-13 Nov. 88 17 68 3 1., 84 0,,45 19% 77% 4% 
14-20 Nov. 53 7 40 6 1e98 0 0 50 13% 76% 11% 
21-27 Nove 47 16 31 1..66 0,,48 34% 66% 
28- 4 Dec. 38 1 1 27 1.71 0 .. 46 29% 71% 
5-11 Dec. 26 9 17 L65 0.49 35% 65% 
12-18 Dec. 8 3 5 1..63 0.52 38% 62% 
19-25 Dec. 12 4 8 1.,67 0.49 33% 67% 
109. 
(APPENDIX FOUR continued) 
(c) Seasonal variation of clutch size 1968-69 
Percent 
Clutch size composition 
No. Mean 
Date clutches 2 3 4 5 clutch S.D. 2 3 4 5 
3- 9 Oct. j 2 2 .. 33 0~58 67% 33% 
10-19 Oct. 79 3 62 14 2. 14 0.45 4% 78% 18% 
17-23 Oct. 275 17 231 27 2.04 0~40 6% 84% 10% 
24-30 Oct. 143 15 109 18 1 2,,04 0.47 11% 76% 13% 1% 
31- 6 Nov. 156 14 134 8 1096 0041 9% 85% 5% 
7-13 Nov. 62 9 50 3 1.90 0.43 14% 81% 5% 
14-20 Nov" 66 9 54 3 1 c 91 0.42 14% 82% 4% 
21-27 Nov. 32 7 23 2 1 .. 84 0.52 22% 72% 6% 
28- 4 Dec. 45 1 1 33 1078 0.,47 25% 73% 2% 
5-11 Dec. 23 5 18 1.78 0,,42 22% 78% 
12-18 Dec" 13 2 1 1 1.85 0,,38 15% 85% 
19-25 Dec. 12 8 4 1,,33 0,,49 67% 33% 
26- 1 Jan. 5 2 3 1., 60 0.55 40% 60% 
APPENDIX FIVE 
Correlution bet,,'een the Humber of ffu11s laying and tile subseqlH .. ·nt breedillC' success 
Colony. Lighthouse 
Area A (1967-68) 
Distribution 
of' egg lay-
ing 178 gulls 
Breeding No. eggd laid 
success % fledged 
2 
O.Y~ 12.9~ 
2 18 
100% 1,4.4% 
Kendal rallk correlation 
Colon), I Llghtho ll se 
Area B (1967-68) 
2 
Distribution 
of' egg lay-
ing 100 gulls 1O.~ 18.~ 
Breeding No. eggs laid 19 )!l 
success % f'ledged 68.4% 52.6% 
Kendal rank correlation 
Colony. Iceplant 
Area A ( 1967-68) 
2 
Distribution 
of' egg lay-
ing 52 gulls 
Breeding No. eggs laid 
success % fledged 
Kendal rank cOITt!lat lou 
Colony. Iceplant 
Area B (1967-68) 
2 
Distribution 
of' egg lay-
ing 65 gulls 
Breeding No. eggs laid 
success % f'ledged 
Seven day periods urte,-
J 4 5 6 
17 .4~ 14.6"; 20.8~ 1 J. Y" 
J9 IIJ J) 2!l 
79.5~ 69.!l% 39. ~,~, 5J.6~, 
T . +0.15. p 
· 
> 0.10 
Seven du)' periods aCte.' 
) I, 5 6 
15.0% 26.~ 9.0% 3.0'\, 
2) 45 12 10 
82.6~<' 64.4~ 91.7'fo 50.0t\, 
T· +0.24. p 
· 
> 0.10 
Seven duy pel'lods af'tel" 
) 4 5 6 
7.6% )2.7~ 17.J1> 17.)'fo 
6 16 9 II 
8J.J1> 6H.8'\. 100% 72.70;, 
,.. +0.29. p 
· 
.> 0.10 
Seven da) pel'iu<.is aCtt.'I' 
) 4 5 6 
26.01> II I .)}. 12. J~J J.I% 
2H 24 6 
64.J% 75.0% 50.(~ 25.~J 
Kendal rank correlation "f". +0.6, p=O.10 
commencement of lu)'inC 
i Il 9 10 11 
). '.% 6.2'<' 7.9~ 1.70;, 
7 20 l!l 2 
0"; 55.0~ 22.2% 30. O'~, 
commellcemeut 01' lu)'illf~ 
7 !l 9 10 11 
j.IP;, I,.~ J.O% 5.~ 
7 7 :; 6 
57.1% 71. 1,% o.uj. O.~ 
commenCl;'mt.> .. t of lay illj~ 
i Il ? 10 11 
7.61> J.!l~, S.llo;, J.B'\. 1.9~J 
10 2 I, 2 
3().O'~ jU.O''';, IOO'i-' .. (J.O~;J 
commencemellt of la)illC' 
7 H 9 10 11 
1.5~j 12. J'--':, 
? 
66."" 
III). 
12 
1.1<\, 
" 
IUU% 
12 
12 
1.9'\. 
I:! 
(APPENDIX FIVE continued) 
Colony. Rhinohorns 
Area A (1967-68) 
Distribution 
of egg lay_ 
ing 146 g'uLls 
Breeding No. er;gs laid 
success % 1'ledeed 
U.7% 7S'" 
2 1) 
U.U'1i> 69.2% 
Seven day periQds aft€ l' comm~nct!m~ut of La)' inc 
) 5 6 7 <} 10 
6.11"" )4.9"'; 1 't" 4"';' If .. ~,; 7.5"" 6.H'\, J."I~ 
I! 7) )1, 29 II II 6 
15.m; 71.2~, 1.7" 1% 35.2"; 27.:)''' HI.W'; 16.7'; 
Xeudal rank correlation 'T • -0" 15, va 0" 10 
Colony. Rhinohor'fls 
Area B (1967-68) 
Distribution 
of egg lay-
ing 45 gulls 
Breeding No. egg" laid 
succese 1> fledged 
2 
!!.9% 
5 
20.U'1i> 
Seven duy p€t'iods after commeucemcut of ht)iflp. 
) 6 j 9 lU 
1). )"" 51.1% I I • 1":, 2 .. 2~ ',.'.1 .. 2. :!<) ... 6.7'; 
11 )I. 9 2 J 
In.,a,; jH.!!", 5J.M, U.U% U.<r;; :no ) ..... 
Kendal rank cOITelation T • +0.62, p - 0.050 
Colony I Rhinohor'ns 
Area C (1967-68) 
Distribution 
of egg lay-
ing 101 gulls 
Breeding No. eggs laid 
success % fledged 
2 
9.9% 24.!!% 
15 45 
5J.)% 64.4% 
Kendal rank correlation'T 
Colony. Fra.nkle 
(\967-68) 
" 
Distribution 
or egg lay-
ing 114 gull .. 
Breeding No. eggs laid 
aucceaa % fledged 
Kendal rank correlat ion 'T' 
Seven day peC'iods a{'tel' CO.,muflcemeut oj' laying 
) 4 j 6 7 !! <} lU 
16.8% )6.6% 1i.9% ).0";' 
17 62 IJ 
!!2.4% 62.9% 92.)"" 15.0% 
. -0 .. 40, p - .. U.1U 
Seven day periods aCte!' commoncemtint of layine 
J 4 5 6 7 !! 
" 
lU 
7.9% 39.4':' 10.5;' ).5"'; 8.!!a,; 1 .. 8o~ 1 •• 4-(, 1).2,?:$ 
\1 !!5 24 K 21 6 2~ 
U.o,:. 62.4~ 5U.l':\. 5U.a,; 7 I .11';'; 5u"m o.U'~ 
-
+0 .. 2, p 
-
.. U.l0 
III. 
II 12 
II 12 
II 12 
II 12 
6.1"- 't.,'".:, 
11 ~I 
o .U')~ u.~ 
11'-:. 
(APPENDD. t'IVE continued) 
Colun)" Avucu 
(1967-68) 
SCvf.~U da)' p .... ·l·iode;. id'tf.~I' comm'-'(}CCmL'llt of lay Int~ 
2 } .', 5 6 , I< 9 10 II 1:: 
Diet ribution 
QI' egg lay-
ing 120 gulle 9.2'\, :n.)'\, 37.0", 14. :?'~, :;; .~(~, 2. )~ 3.K';;' 'J.}":' o.H'''~ 
Breeding No. eggs laid :15 ',6 ':;9 TJ H 10 '. 
.ucce88 ,. fledged 64.01· )7.0% J7 .)1- J. ),," o.ao:J O.lr;, o. O'.;~ O.tJ~ o.(y';, 
Kendal rank cOITelut ion ., .. +0.58, p .. 0.025 
Colony' Lagoon 
(1967-68) 
Seven day per'iods a('ter' commeflCl!mcnt of Inyine 
2 } 
" 
5 6 7 H 9 10 II 12 
Di.tribution 
of egg lay-
ing 61 gulls 10\ ~ :!'" ::!1 .. 6·)~ .1,.10\";, :!'J • (Y';. '1.'1'>:, '. (,/,;; 16.'.'1;, I'<.:!-"" 
Breeding No. eggs laid II 16 20 21 " 2 12 ') 
success ,. f'ledged o.!)';\ 0.0% 0.0% 0.0% 0.0% 0.0% 0.01- 0.0% 
Colony, Lighthouse 
Area A ( 1968.69) 
Seven day periods u.t'ter commencement of 1ayin~ 
2 J I, 5 6 7 Il 9 10 II 12 13 
Di.tribution 
of egg lay-
ing '159 gull. 1!.2% 27.7% 10.1% 1'1.2% 5 .O'~ II.}":, )."''', 6.J~ 6.9~ }.8~ ). ,..:, 6.]% 
Breeding No. eggs laid 21 79 26 21 9 26 H U 12 I, '> 
SUcce •• 
% Hedged 1,2.9:;; 6J.J~ J4.6'''; 2!l.6% 1,I,.5~ 19.2~ '37. 5',~: 15./f~ 5H.]"'; IQ(Y~ O.U~j IOO'h 
Kendal rank corJ:'clat ion "'f . 
-u.015. p .. ,. U.l0 
Colon)" LJ.gbthouae 
Area 0 (1968-69) 
Severt day periods at'tel' commencement of 1"y1"g 
:2 :I 4 5 6 1 H Il 10 11 12 IJ 
Diatribution 
of egg lay-
ing 86 gull. 5.1!'; 18.6"; 16.3'~ 12."''':' 11.6% Iq .a'. '}.5'\, 10.5~, 1 .. 2~ 1,2",- 4·1% 
Breeding No. egg. laid 9 2/\ 29 25 22 4 ') 
-
aucce •• 
'f, fledged 0.O'ji. )5.7'; 62.1'1, 36.0% 40.9<\ 50,fY~ .. 56. J'~, o.()"~: 0. (y\~ 
Kendal rank correlation T .. +0.22, p .. > 0.10 
(APPt:NDIX t'IVE cont inued) 
Colony: Iceplallt 
Area A (1968-69) 
Distribution 
of egg lay-
ing 105 gulls 
Ilreeding No. eggs laid 
success % fledged 
:o'eveu day per-iods 
2 J I, 5 
4.M% 2J.M% 19.0% 26.71-
H 47 JJ J:l 
75.~ 70.2% 72.7% 62.2,*, 
Kendal rank correlat ion T 
-
+O.t.2, p . 0.10 
Colony. Iceplant 
Area B ( 1968-69) 
Distribution 
of egg lay-
ing 
Breeding 
Bucca.a: 
55 gulls 
No. eggB laid 
% fledged 
Seven day per'iads 
2 J 4 :; 
11'.5'; 34. 5~; ;!I.M'; 10.91. 
16 41 16 9 
68.8% 75.6~ 68.H% 77.M% 
Id·t(~ .. 
6 
6.7';':, 
12 
:;o.oi, 
-
0.U5 
artel' 
6 
Kendal rank correlation ~. +0.07, p _ > 0.10 
Colony. Rhinohorns 
Area A (1968.69) 
<'-'ommeu(,''-'mL4 I1t o/" laying 
7 M 9 10 
H.61- 2. 'Is, ').W·;. 
16 5 :; 
J7 .5~, !~O .. (YI;, o.o~ 
commencement or IH}'ilJl~ 
7 H 9 10 
Seven day ptn'iod~ afte r' commencement of Ia} illt{ 
2 J 4 6 7 10 
Distribution 
of egg lay-
ing I1J gulls 15.0% J 1.~n;, 9. 7':~ 16.H~, 11.5-;', J.5~ 2 .. 7'~j I.H'~. ' ... If'~;, 
Breeding No. eggs laid J5 62 20 JO 16 I, I, " 6 
success % fledged 54.J% 62.91- 50.00;; 56.ni, n .5":, 25.0']?) O.U'~ o.o'~ ,20.~, 
Kendal rank correlat ion "'( • +0.82 1 P • < O.()Os 
Colony, Rhlnohorns 
Area B (1968-69) 
Distribution 
of egg lay. 
ing 77 gulls 
2 
10.4~;, 
Breeding No. eggs laid 16 
auccea. 1> Cledged 6M.8% 
Kendal rank correlation T 
Seven day periods al'tur (.;ommL'ucemcnt of luyiug' 
) 4 5 6 7 
'" 
9 \() 
JJ.8~, 11,.)<;; 2 1 •• 7"~ 5.2'>;' 5.2'·~ I. '1":, 6.')"'; 
111 16 9 I, 
75.6~ 6M.M-;;. 77.M~ ]0.0'1,. 75.f)":· 
. +O.IJ. p = 0.10 
Ill. 
II I:! 
1.<Jr;, 1.9~ 
0.0":. 
II 12 
II 12 
1.1-"',. 1;.11" •• 
4 
:!5.'r;J O.U"~ 
II I:! 
(APPENDIX FIVE continued) 
Colon), t IUlinohos'us 
Area C (196~.69) 
Sevll'u du)' pel'iodtol- at'tel' <.:ommCIIC(:melit of Iu) iltH 
2 ) 4 5 6 7 .. 9 lO 
Di .. tribution 
of' egg lay-
ing 95 gUlls 2.1';' 24.2';' J~.7'(. 21.2'; 7 .!,Q~ J .z', -; .}I·~J 
Breeding No. eggs laid ~ 50 66 2~ 10 6 ;; 
succeSs 
" 
l'ledged 10~ 76.~ 65.2~ 60.7" 60.0,;, 100,;, ,'.0 .. 0,;. 
Kendal rank correlation y. -o.14.v· 0 • 1O 
Colon~1 Frank'. 
( 196~-69) 
Seven day per'iod" after" commll'ucemunt 0" luyiuff 
2 J ~ 5 6 j II 9 10 
Distribution 
of' egg lay-
ing 100 gulls 5.0,;, JO.o,;, 18.0";, 12.~ ~.(~, 6.!)'\, 6.!y>;, IZ.O''' ).11';, 
Breeding No. eggs laid 7 M J5 :l'4 12 :; 12 22 6 
success ,. fledged 57.1;(. 59.~~'; J7.1;(. 111.7'~ JJ.J~ 20.m, O. (fl~ 1).6''; 0.0":, 
Kendal rank correlation -r • +U.~~. p • U.05 
Colon~ I Lagoon 
( 1968.69) 
Seven day period" ",d'tfH' commencement of l"~i"e 
2 J 4 5 '6 7 .. 9 IU 
Distribution 
of' egg lay-
ing 95 guU. ' •. 2" 26.J;' 16 ... ,;, ~.~% 26. J% 6.3';:; 11.6;' 
Breeding No. eggs laid ~ ~J 27 16 ~7 10 17 
succusa ,. f'ledged 0.0,;, ~~.2% 70.~" 0.0,;, 25.0% O.~ O.a;; 
Kendal rank correlation -or • +U.~J. P • O. 10 
Colony I Avoca 
(196~-69) 
Seven day periods a.ftel' commencemellt 01' lit) illfj 
Z J 4 5 6 j !! 9 10 
Distribution 
of' egg lay-
ing 2U gulls 6u.~ 40.~ 
Breeding ~o. eggs laid 19 10 
succeatJ 1- fledged 0.0% U.ln.:. 
11', .. 
II I:': 
II 12 
11 12 
II 1:1 
(APPENDIX FIVE continued) 
ColonYI Sugarloaf 
( 196,-66) 
Seven day periods after commencement of laying 
2 ) 4 , 6 7 8 9 10 11 12 
Distribution 
of egg lay-
ing 294 gulls ,.4% 16.)% 12.2% 19.7% 1).6'; 8.8'; 17.0% ).7% 2.41- 0.)% 0.)% 
Breeding No. egg. laid )6 98 70 122 79 ,0 7' 22 12 2 
success % fledged ».)% )6.7% 24.)% )9.)% 1,.2% 0.0% 6.0% 4.4% 0.0% 0.0% 0.0% 
Kendal rank correlation r • +0.6,. p • co.oo, 
